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Abstract
This research explores the relationship between the energy market; the political and regulatory 
context; and energy design decisions for buildings, and asks what form the energy market 
landscape would need to take if tailored to encourage low carbon solutions. The links between 
market dynamics, Government strategies and building designs are mapped to understand the 
necessary steps that achieve carbon reduction from building operation.
The Building Energy and Cost Model (BECM) uses financial and energy components with 
market and design variables to provide net present cost and annual carbon outputs. The 
financial component applies discounted cash flow analysis over the building lifespan, with 
discount rates reflecting contractual characteristics. The carbon component uses Standard 
Assessment Procedure (SAP 2005). A scenario approach has been adopted to test alternative 
strategies selected to encourage low carbon solutions in two residential and two office designs.
The results show that, of the technological options, micro-CHP is most likely to offer economic 
carbon reduction. There are, however, important considerations before proceeding along a CHP 
route, and some circumstances that favour renewable microgeneration.
The rate of energy price escalation is most influential on energy investment, together with the 
expected differentiation between the escalation of gas and electricity. Low interest rates 
encourage low carbon designs further and, if combined with increasing energy prices, 
renewables can offer the best long-term solution. Other beneficial measures include a 20% 
mandatory microgeneration requirement; a long-term ESCO contract; and imposing a carbon 
price of £200 to £300 per tonne C02. Increasing capital grants encourages renewables, while 
raising fossil fuel taxation benefits efficient and micro-CHP solutions. However, alone these 
measures are insufficient to catalyse low carbon solutions (except micro-CHP) and should form 
part of a raft of market changes. The divergent priorities of landlord and tenant should be 
addressed for well constructed and efficiently operated buildings.
This research reveals trends and strategies that will achieve mainstream application of energy 
efficiency and microgeneration technologies, and reduce carbon emissions in the built 
environment.
Keywords: buildings, carbon, energy, investment, market, microgeneration, renewables
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A Reader’s Guide
This Reader’s Guide describes the contents of the Portfolio to facilitate the reader in locating 
various aspects from the development of the research question, through the research itself and 
associated supporting information. In essence, the Portfolio includes all the information that 
supports the case for the award of a Doctorate of Engineering in Environmental Technology for 
research into the market influences on energy designs in buildings and those changes that 
could be put in place that would better encourage low carbon solutions.
File 1 begins with the Executive Summary which brings together the elements that describe 
the broader context in which this work resides; the methodology that has been adopted to 
explore the research question; and some key conclusions and recommended actions that have 
been derived.
Since conception in October 2002, a research question has been developed that seeks to 
provide guidance towards large carbon emission reductions from market sectors responsible for 
a substantial carbon contribution in the UK. The Bi-annual Reports demonstrate a detailed 
literature review that progresses towards the ultimate research question through various 
refinements. Each of the reports covers six months of research, and they are presented 
alongside additional supplementary submissions in chronological order to reveal the evolution of 
the research question.
At stages that coincide with EngD Conferences, the Academic Papers and abstracts give a 
snapshot of progress and ideas, and include the paper that was submitted to the Management 
Executive Committee for peer review. Also included in this section is an essay describing the 
status of the construction sector with regards to performance against sustainable development 
criteria which positions this research within the objectives of sustainability and demonstrates 
analytical skills.
The Presentations of the EngD Conference papers are also included, together with a 
presentation to KBR, the sponsoring organisation, revealing key aspects of sustainable building 
design. This illustrates valuable skills gained over the duration of the EngD in presentation to 
different audiences covering a range of subjects.
File 2 contains the Final Thesis, which constitutes the eighth bi-annual report, to bring together 
the development of the ultimate research question; a detailed and focused literature review; an 
explicit methodology; and analysis of the results. Also included is a discussion of the various 
external factors that are an integral part of answering the research question, but are outside the 
scope of the analysis methodology. Conclusions are presented that use the different
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perspectives to energy investment in buildings to generate a list of recommendations that would 
achieve carbon emission reductions from building operation.
Finally, the Thesis refers to a series of Appendices that list key assumptions and variable 
settings described in the methodology, plus the output results from running the model through 
sensitivity analyses. The numbering in each of the Appendices sections follows the chapter and 
section numbering used in the Thesis for clarity.
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Market Influences on Low Carbon Energy Designs in 
Buildings 
Executive Summary
Carbon emissions and the built environment
Mitigating the environmental and sustainability impacts of building construction and operation 
through sound design within an economic framework is a contemporary challenge for 
policymakers, developers and designers. Many of the issues associated with the impacts and 
benefits of the built environment have been explored in many diverse publications, and these 
have been reviewed in detail in the Bi-monthly Reports and other papers included in this 
Portfolio. As research progressed, it quickly became clear that the energy consumed during 
building operation constituted the single greatest environmental and sustainability impact during 
the life of a building. As a result, the research route of this EngD can be seen to focus on the 
energy use in operation issue, and on approaches that could deliver carbon reduction.
To help meet the energy challenge, the final research described in the Thesis explores the 
relationship between the energy market; the political and regulatory context within which 
development is progressed; and the decisions made by energy designers of buildings. The 
fundamental research question asks what form the energy market, and the associated 
regulatory context, would need to take if it were tailored to better encourage low carbon energy 
solutions. To address this research question the linkages between market dynamics, 
Government strategies and design decisions have been mapped so that a clear understanding 
and appreciation of the steps necessary to achieve carbon reduction from building operation is 
attained.
Contextual landscape for design decisions
The UK energy market comprises a ‘landscape’ of political, regulatory and commercial factors 
that include measures to constrain or encourage development along routes that follow 
Government policies. The context in which energy decisions are made creates a decision 
framework for developers and energy designers of buildings which is dynamic and only partly 
predictable. The Thesis contains a literature review (Chapter 2) that studies the various energy
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market dynamics from the perspective of a developer and a building energy designer, and 
explores the main influences revealed by previous research in the field.
From Government policies and resulting strategies to meet energy goals, to commercial 
asymmetries, priorities and management realities, there is a breadth of influence to which 
energy decisions are exposed. Understanding the interaction ^between factors is critical to 
appreciating the degree of influence that each can have on the overall carbon reduction target. 
However, the majority of existing research focuses on either the technical attributes of different 
low carbon solutions on small or large scales, or the macro-economic effects of carbon-reducing 
energy strategies.
The addition to knowledge provided by this research is in demonstrating and mapping the direct 
influences that can be expected to occur on a building design level as a result of energy market 
changes. Market changes can occur as a result of different factors. They may be imposed by 
Government through enhanced energy strategies, or through altered commercial decisions on 
capital investment, borrowing and risk. They can also occur as a result of resource cost 
changes influenced by external factors, and the recent volatile nature of energy prices adds an 
important and potentially decisive factor to the decision framework. By understanding the 
interplay between these factors, and the resulting impacts of defined changes amongst them, it 
is possible to derive potential policy strategies that will encourage carbon reduction through 
building design.
An economic model of carbon reduction
In order to quantify and prioritise the benefits and robustness of energy design decisions a 
model amalgamated from financial and energy components has been devised so that changes 
in the economic background and the design approach can be tested. Such a compound model, 
which enables sufficient malleability to vary both market and building design variables to provide 
net present cost and annual carbon emission outputs, does not exist in current literature, and 
provides an important contribution to existing knowledge. The model derived in this research 
has been termed the Building Energy and Cost Model, or BECM.
The financial component uses discounted cash flow analysis over a long-term cost period to 
represent the full lifespan of a building, taken to be sixty years. A range of discount rates is 
tested to reflect different contractual priorities; essentially representing public or private sector, 
and short or long-term, investment. Also incorporated is the ability to include energy services 
companies as part of the contractual mix, with alternative investment conditions for their capital 
borrowing. This ability introduces an extra layer of complexity to the model, and allows a closer 
representation of the marketplace and the ability to out-source certain aspects of the energy 
solution.
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The carbon model applies the Standard Assessment Procedure (SAP 2005) methodology that is 
currently used across the sector due to Building Regulations requirements. For a specific 
building design, annual energy consumption is generated in terms of electricity and gas demand 
from a standard set of assumptions. This is converted simply into annual carbon emissions 
using accepted fuel mix and carbon emission factors.
The buildings selected for this analysis have been chosen to represent a large market sector. 
Four building types are used -  a new and an existing large residential building; and a new and 
an existing medium-sized office building. The new buildings are designed to meet 2002 Building 
Regulations standards of thermal performance and efficiency; while the existing buildings 
comply with the 1995 Building Regulation requirements prior to any energy-related 
refurbishment. In this way, the analysis can conservatively assess the carbon benefits that arise 
from energy solutions that go beyond mere regulatory compliance, and the resulting long-term 
costs.
The SAP methodology is designed to calculate the carbon emissions resulting from the 
operation of residential buildings only. In order that the commercial designs can be adequately 
represented, a defined list of amendments has been introduced that better reflect the usage and 
energy demand profile of this building type. A comparison against the SBEM tool, introduced 
with the 2006 Building Regulations for non-domestic buildings was also conducted, so that the 
carbon emission data that arose from the BECM could be calibrated.
The energy model also incorporated a sub-model specifically to calculate the artificial lighting 
component of the annual demand profile. Lighting is a substantial portion of annual energy 
consumption, and the lighting sub-model enables different lighting strategies to be included. 
Essentially, three artificial lighting design approaches are tested: firstly, a typical design 
approach with no particular steps towards energy efficiency; secondly an ‘efficient’ lighting 
design that specifies efficient lamp types; and thirdly, an ‘efficient and conservative’ design that 
combines efficient lamps with automatic light switching for motion and daylight.
The combination of methodologies applied in the BECM enables an integrated approach to yield 
net present costs for all energy-related expenditure and annual carbon emissions given defined 
assumptions and variable settings that describe either the specific building design 
characteristics or energy market and regulatory conditions. In parallel, comparative results are 
calculated for the four building types under five different energy design themes. The design 
themes use a typical design as a baseline comparator, and then compare this against designs 
that are highly insulated and efficient; incorporate micro-CHP; use solar-focused renewable 
technologies; or adopt a mixture of the most appropriate renewable technologies. The results 
form a matrix of 4 building types tested against 5 design themes in terms of both carbon 
emissions and net present cost. Results are derived for each market scenario, of which there 
are twelve.
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Scenario analysis for market changes
To test alternative energy market approaches, either due to Government strategy or commercial 
changes, a scenario approach has been adopted. There is a wealth of scenario-based research 
in energy literature, but this is generally focused on a macro-economic scale, and does not seek 
to reflect the effects of market changes on building-specific decisions. The scenarios developed 
in this research have been progressively defined from high-level market strategies through to 
specific model variations.
A baseline comparator scenario has been defined to reflect the current market status, including 
existing market mechanisms that attempt to encourage lower carbon designs, and current 
energy prices. Against this, twelve alternative scenarios have been developed to test the effect, 
of strategic measures that may better encourage low carbon designs such as: increased carbon 
taxation; further enhancement of existing market measures; increased capital grant 
contributions from Government; differentially escalating gas and electricity prices; and a 
mandatory microgeneration requirement. These alternative scenarios are tested for fuel price 
sensitivity, alongside tests for design, investment and management sensitivities, so that key 
features that encourage or impair low carbon solutions are highlighted.
Factors that influence the selection of low carbon solutions
The results from applying the baseline scenario clearly demonstrate that the current raft of 
Government energy strategies should not be expected to achieve any significant shift in the rate 
of uptake of low carbon technologies or approaches. Existing economic incentives appear 
insufficient to provide the catalyst necessary, even given a long-term economic perspective, for 
the majority of design approaches. This finding reflects the evidence of the current market 
status and the slow rate of low carbon technology uptake in the built environment.
The exception to this is the use of micro-CHP as a main component of the energy solution 
which achieves a long-term economic standing equal to, or better than, the typical compliant 
design approach in the majority of instances. The CHP option can provide substantial carbon 
savings at a net present saving over the life of a building, even allowing for regular plant 
replacement and maintenance. There are, however, important factors to consider before 
proceeding along a micro-CHP route as a broad energy strategy. CHP can save substantial 
carbon emissions, but may also be unsuitable for certain building uses, for example offices, 
where the heating requirement is insufficient to justify long periods of electricity generation. The 
benefits, or otherwise, of using CHP at an individual building scale are explored in detail, but 
nevertheless this technology could provide a cost-effective low carbon solution in many 
circumstances.
Initially apparent from the research findings is that commercial investment decisions are more 
influential on the selection of energy solution than regulatory or energy strategy changes. The
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interest rate that capital borrowing can attract, and the period of repayment, are critical factors 
for a developer, and incorporate the characteristics of the contract and elements of risk.
Further, a fundamental decision regarding expectations of future energy prices, allowing for 
differential changes between grid electricity and natural gas, can alter the rationally preferred, 
economic choice to a great degree. Recent energy price volatility has demonstrated that an 
assumption of constant prices (in real terms) is likely to be unsound. However, attempting to 
predict a 60-year energy price regime is fraught with uncertainty. For example, a PFI contract 
will place future energy price escalation as a more important factor than a design and build 
project, and this perspective dramatically effects the economic decision of energy solution.
Part of the investment decision is whether to include energy services companies, or ESCOs, as 
part of the capital and management portfolio. ESCOs are motivated by savings in operational 
cost, both through fuel efficiency and maintenance savings. The interest rate that their capital 
borrowing attracts relative to the main developer defines whether there is an overall benefit to 
including ESCOs in the contract mix. An ESCO rate close to, or lower than, the main developer 
will yield long term benefits and a long-term ESCO contract for a public sector contract would 
provide such conditions.
There is also a role for local authorities, regional development agencies and clients to play in 
guiding developers and designers towards low carbon choices. The ‘Merton Rule’ is an example 
of a mandatory microgeneration contribution imposed by local authorities. In this instance, those 
energy solutions that do not meet the renewables contribution requirements set by the Rule can 
be omitted from the analysis as unsatisfactory. The remaining options add capital cost to a 
development which will either be passed on to tenants or future owners, or will discourage 
developers from a particular project or region. However, it is shown that a 20% microgeneration 
requirement beyond a well-insulated and efficient design can be imposed with little impact on 
the long-term investment.
The research also explores other factors that are outside the scope of the BECM analysis. Such 
factors include adopting a carbon pricing mechanism so that there is a direct ‘polluter pays’ 
principle curbing carbon emissions. Another key issue is the asymmetry of responsibility 
between the landlord and the tenant for a building which creates a barrier for investment in 
efficient plant, and for adopting conservative operational energy consumption measures. There 
are technical factors regarding the various attributes of different energy technologies and their 
appropriateness for a particular building design and use, as mentioned above for micro-CHP. 
The actual achievement of regulatory standards across market sectors is also debatable, and is 
discussed in some detail, as is the difference between expected design performance and the 
actual performance of a building in operation.
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Recommended actions to encourage low carbon energy 
solutions in buildings
i
This research has generated an ‘order of economic preference’ for factors that could result in 
the encouragement of low carbon energy solutions in the specific building designs examined. 
The order has been derived from mapping the linkages between Government market factors, 
investment decisions and design choices. The sections below illustrate the most influential 
factors, with the most influential first.
Future energy prices
Since early 2003, the UK has seen energy prices escalate steadily above inflation, as a result of 
a variety of external issues, and there is strong evidence to suggest that future energy prices 
are now set on a path of continued and steady increase. The fundamental investment 
assumption of the rate of energy price escalation over time, in real terms, appears the single 
most influential factor affecting the economic basis of energy solution investment. Further, the 
expected degree of differentiation between the rate of increase of gas and electricity is equally 
important.
A short-term development contract is likely to consider energy prices as a constant; while a PFI 
scheme is more likely to consider the effects of increasing energy prices over time. Thus,, if 
development contracts can be encouraged to accommodate expectations of increasing energy 
prices as part of feasibility assessments, then the impacts of continued fossil fuel combustion 
become increasingly visible. Such encouragement could be initiated through public sector 
development contracts prompted by publications like the Treasury’s Green Book to consider an 
increasing energy price regime as part of the financial assessment. This could act as a 
‘signpost’ for the private sector, and offers an argument for the use of taxation as an incentive to 
private sector developers. Predictions of future (long-term) energy prices are, however, 
inherently subjective and uncertain, and agreement of a defined regime may prove difficult to 
establish.
Type of development contract
The effect of the interest rate for capital borrowing, and the associated repayment period, is 
defined by the nature of the development contract. The investment conditions that are attracted 
by the main developer are a function of the length of the contract; the characteristics of the 
client (public or private sector); and the perception of risk for the project, or aspects of the 
project.
To encourage low carbon designs, there is a steer towards a longer contract period attracting 
low interest rates, as is found in PFI contracts or similar. Low interest rates, coupled with longer 
repayment periods, for capital borrowing, improve the economic case for low carbon designs. If
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preferential investment conditions are combined with an assumption of increasing energy 
prices, then renewable microgeneration may offer the best economic long-term solution.
Mandatory microgeneration requirement
A client has the opportunity to require a low carbon microgeneration contribution as part of the 
development contract. This ability is being increasingly exercised by local councils through the 
use of the ‘Merton Rule’ introduced with Planning Policy Guide 22. A similar development 
constraint could be adopted by regional development agencies and private sector clients.
Adopting such a position effectively removes non-compliant designs from consideration, and 
means that only low carbon solutions remain as an option for development. The main constraint 
on such an action is whether this position would actively discourage development altogether 
and how any additional development cost is passed oh.
It is shown that a client imposing a mandatory microgeneration requirement may be 
economically justified up to a 20% contribution beyond a highly efficient and insulated starting 
point. When such a constraint is imposed, it is generally the micro-CHP option that proves most 
economic, although it is shown that for certain buildings there are limits to how much of a 
contribution CHP can provide. However, there are circumstances that favour microgeneration 
using renewables ahead of CHP.
The use of ESCOs
The investment decision regarding whether an ESCO should be included in the contract mix to 
fund and manage part of the energy solution hinges on their cost of borrowing relative to the 
main developer’s interest rate. If an ESCO can attract an interest rate that is close to, or below, 
that of the main developer, then there are long-term overall financial benefits to be gained by 
adopting low carbon solutions.
These conditions are likely to be restricted to public sector projects offering a long-term facilities 
management contract to an ESCO, where both the main developer and the ESCO attract low 
interest rates, repaid over a long period.
Making the polluter pay: carbon pricing
Adopting a Government strategy that uses a carbon pricing mechanism to encourage a 
reduction in fossil fuel combustion could create a catalyst for change in specification. It is shown 
that for a carbon price of £200 to £300 per tonne C 02, which is significantly higher than the 
price put forward by Stern (ch.14, 2006), a sufficient penalty cost is added to the overall net 
present cost that may influence the energy investment decision.
It appears that this measure may be a more effective mechanism than many of the existing 
market measures currently in place, such as capital grants; climate change levy; and the
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renewables obligation. However, there are political implications relating to the introduction of 
carbon pricing that may prove difficult to overcome.
Addressing tenant -  landlord asymmetries
Much of the building stock that would be covered by the types of buildings examined in this 
research is likely to be owned and occupied by contractually different parties. The relationship 
between the landlord and the tenant when considering energy investment and consumption 
highlights diverging responsibilities and priorities that erect obstacles against incorporating low 
carbon initiatives. If the landlord is not paying for energy consumption, then there is a reduced 
incentive to invest capital in efficient plant. Similarly, a tenant can only influence behavioural 
aspects of reducing the operational cost of building occupation, and is not in a position to invest 
in building services.
This is a contractual and responsibility issue that must be overcome if buildings are to be 
constructed and operated efficiently. Tenancy agreements may be able to incorporate greater 
integration with incentives provided to both owners and occupiers. Alternatively, both parties 
could agree to the inclusion of an ESCO that can invest and manage the operation of the 
building. Such alternative contract characteristics already exist, but forming a generic 
mainstream contractual solution is likely to be the only way of encouraging carbon reduction 
across much of the built environment.
Alternative market strategies
While, as has been discussed above, many of the existing market measures employed by the 
UK Government should not be expected to catalyse sufficient change in energy specification, 
there are certain market enhancements that can encourage low carbon solutions to some 
degree, and could form part of an alternative raft of strategic measures. The research shows 
that an increased contribution in capital grants for each project will encourage microgeneration 
solutions using renewable technologies. Conversely, raising and broadening the climate change 
levy on fossil fuel supplies will encourage energy efficiency and gas-fired micro-CHP solutions.
On their own, these measures are insufficient to alter the commercial balance for low carbon 
solutions (except in the case of micro-CHP). However, as part of a broader approach to 
changing the market conditions within which energy decisions are made, as described in the 
sections above, these tools could provide useful added impetus.
A way ahead...
The depth and breadth of the results generated through this analysis reveals more than can be 
concisely summarised here. The Analysis and Discussion chapters of the Final Thesis yield a 
more complete picture of the influence of various factors on different building types and
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proposed energy solutions. By mapping the linkages between market changes, commercial 
decisions and design preferences, it is possible to discern specific energy strategies that will 
benefit different project types, and it is this mapping that provides the most valuable addition to 
knowledge achieved in the analysis.
In addition to the conclusions gained from this research, further potential avenues of research 
have been identified. There are a number of social and behavioural aspects to reducing carbon 
emissions in buildings that have not been explored here, and will undoubtedly have a 
substantial impact on actual carbon emissions. In the same vein, the relationship between the 
expected emissions from a building design and the actual measured emissions that result from 
the operation of that design, once constructed and occupied, would benefit from a detailed 
empirical analysis to better calibrate expectations.
Overall, this research has sought to reflect a mainstream application of energy efficiency and 
renewable microgeneration measures to achieve carbon reductions for specific multi-residential 
and commercial building designs. The nature of such a scope is that there are limits to 
applicability when considering individual buildings, and also when considering the building 
sector as a whole. However, to gain an insight on a nationwide scale, the aggregation of 
different building designs and energy solutions is appropriate, and can reveal trends and identify 
strategies that can be used to achieve carbon emission reductions in the built environment.
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Summary
The construction and building industry, and the buildings it produces, contributes a 
substantial influence on our economy, our society and the environment. From the resource 
requirements in the manufacture of building elements and the construction of buildings to 
the emissions from the energy used both during element manufacture and the long life of 
buildings, the environmental impacts are locally apparent, but have global consequences. 
Modern society exists within buildings -  the majority of work and home life is performed 
within the artificial micro-environment created by buildings, and the health, well-being and 
vitality of a community rely upon a positive interaction with the built environment.
The issues above are examples of the multitude of considerations that need to be taken 
into account during the design and the operational life of buildings in order that they can 
achieve ‘sustainability’. The drive towards the sustainable agenda is the prime concern for 
all industry, Government and society as a whole -  providing for this generation whilst 
ensuring that future generations can provide for themselves.
To address sustainability we need to take account of everything that affects our quality of 
life and that of generations to come in order that the world in which we live may be 
sustained indefinitely. This translates to the building sector in many ways, and the need to 
assess buildings, both before and after construction, with regards to their sustainability 
performance is a critical way of ensuring that development in this sector is in line with 
other sectors, and the needs of society.
This report looks at two tools that are designed to evaluate sustainability performance of 
buildings and developments. Sustainability Appraisal is a planning and policy assessment 
tool that is currently being applied by KBR, after encouragement from the Public sector, on 
a large scale public project. The aim of part of this report is to assess whether this tool is 
applicable and effective at the individual building level, and what further developments can 
be added to further define the methodology.
Building Environmental Assessment Methods (BEAMs) are tools that assess individual 
building environmental performance. Based primarily on life-cycle analysis foundations,
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they appear to be gradually developing to include aspects of the sustainability agenda. 
Part of this report will focus on BREEAM, as the predominant BEAM used in the UK, to 
examine whether claims that it can be used to assess the sustainability performance of 
buildings is an appropriate use of this tool. Possible expansions of BREEAM will be 
discussed that may allow a more thorough inclusion of more of the sustainability agenda.
This report is the first 6 month report of my EngD, and is geared to provide a baseline for 
the subsequent research over the next three-and-a-half years. The research theme is 
“Sustainable Building Services by Design”, and from this baseline certain key aspects will 
be selected by myself, my sponsors, KBR, and the University of Surrey, for detailed study. 
It will be important to utilise the experiences and insights gained during my time at KBR 
and to be involved in a variety of projects to give a broad perspective of the building 
sector, and how the sustainability ethos can be incorporated.
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1 Introduction
“Architecture presents a unique challenge in the field of sustainability. Construction 
projects typically consume large amounts of materials, produce tons of waste, and often 
involve weighing the preservation of buildings that have historic significance against the 
desire for the development of newer, more modern designs.” The Earth Pledge
(www. earthpledae. ora)
The sustainability agenda brings together issues that impact the quality of life for human 
society. Development towards the concept of a sustainable global society was initiated by 
the summary report, Our Common Future, of the World Commission on Environment and 
Development (WCED) in 1987, led by the Norwegian prime minister Gro Harlem 
Bruntland. The commission defined sustainable development as “development that meets 
the needs of the present without compromising the needs of future generations” (WCED, 
1987). Within human society there have been identified three broad objectives to 
sustainable development:
1. Social progress
2. Environmental preservation
3. Economic stability.
This is set into the global constraints of a finite supply of natural resources, a limited 
carrying capacity of the planet for our wastes and polarised social and economic 
conditions across the globe.
The solutions to this all-encompassing paradigm are most likely to be found in the social, 
political and technological arenas, with the advancement of efficiency and resource 
productivity in all industrial and commercial activities forming a cornerstone in sustainable 
development.
The construction industry, and its buildings, is a sector that inherently has great impact 
and influence on all aspects of sustainability. It is a major source of national income (8% of 
UK GDP) and employment (1.5 million employees). Construction creates the structures 
and infrastructure within which our society exists with six tonnes of materials used per 
head per year. It strives towards providing a safer and healthier living space, but has the 
potential of being a dangerous vocation. The environmental impacts can be large and 
permanent, not just at the site itself but also at the material extraction and disposal 
locations, and construction activities generate 70 million tonnes of waste in the UK per
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year. The energy used during the lifetime of buildings makes up the single largest energy 
demand in the UK accounting for 50% of the total C 02 emissions from space heating, 
lighting, ventilation and appliances (www.dti.aov.uk/construction/sustain. 2002). There are 
also other significant issues such as water use and waste generation during a building’s 
operational life, and various polluting emissions to be considered at all stages.
With the high level of influence that the built environment has on society, the economy and 
the natural environment it is clear that there is a need to reduce its impacts. In all parts of 
this sector -  domestic, public, commercial and industrial -  there is currently little 
appreciation of the damage caused to the sustainability of our society. While the 
foundation of the construction ethos is to provide the structure in which society can thrive, 
by taking the current “narrow-minded” approach without looking at the wider effects, its 
activities directly impact the health and durability of that society. The amount of resource 
use, waste generation and energy demand is clearly unsustainable. However, we also 
need to look further into the social implications of types of buildings, their layouts and their 
relation to community development and the surrounding environment. To fully address 
sustainability we must assess a building’s impacts on the quality of life of its inhabitants 
and users.
The purpose of this First Six Month Report is to broadly address the myriad issues 
involved in sustainable construction practices and building design. The current 
technological options available to designers and users will be looked at first, with a view to 
their effectiveness and feasibility towards the overall aim of sustainable development.
There is a need to be able to demonstrate progress towards sustainability on a 
transparent, comprehensive and comparable basis and Sustainability Appraisal is a 
method that aims to do this. This procedure will be reviewed in its performance as a high- 
level assessment tool for planning and policy, and the potential for its use on more specific 
developments down to the building level.
The final part of this report will study the various building environmental assessment 
methods (BEAMs), focussing on BREEAM, to assess how far they go towards addressing 
the whole sustainability agenda. BEAMs currently form the most comprehensive method of 
assessing individual building performance and, as they evolve, they become more detailed
2
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and complex in their attempt to address issues beyond the original environmental theme. 
What were originally environmentally-based impact evaluations are now put forward as 
sustainability assessment tools for individual buildings. This part of the report will ask 
questions of the schemes, in particular BREEAM as the most commonly used and 
government recommended scheme in the UK, to evaluate the application of such a 
defined methodology on the inherent vague definition of the concept of sustainability.
BREEAM and Sustainability Appraisal are tools that are used within a suite of instruments 
to inform decision-makers. They do not provide “the answer” alone but must be used in 
conjunction with regulatory, financial, ecological and strategic implements, each of varying 
methodologies and detail. The reason for the use of each tool is to address issues that the 
other tools miss.
The conclusion to this report will provide avenues along which research will proceed 
during the four year project, and the potential benefits to the construction industry, and 
KBR in particular, that my research will bring.
3
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2 Sustainable Building Design
“ ...the built environment presents one of the biggest challenges for society, both in terms 
of the development of a collective aspiration for a better quality, more sustainable patterns 
of living and the time it will take to put these ideas into effect.” (Cooper & Curwell, 1997)
Buildings last a long time -  60 to 100 years is not uncommon. The standards to which they 
are built are likely to be outdated relatively soon after completion. So while new buildings 
today are built to current Building Regulations and best practices, the large majority of 
existing buildings in which we live and work are of a lower grade constrained by the 
economic limitations of achieving compliance to out-dated standards without unnecessary 
expense.
In most cases it is easier to build a new building and include innovative performance 
improvements than it is to refurbish or improve an existing structure to meet current 
performance expectations. However, sustainability itself promotes the re-use of buildings 
to avoid additional raw material extractions and demolition wastes. So immediately we 
have a potential conflict that is likely to be resolved on economic merits rather than 
environmental or social benefits.
For this reason, the majority of development towards sustainable building design and 
performance will be in refurbishment as this represents by far the largest market. This will 
mostly be related to improving the efficiency and resource productivity of buildings through 
technological improvements to energy use, water consumption and waste management. 
User education is also a key initiative as behavioural characteristics are an instrumental 
part of improving efficiency. Moves towards building autonomy such as onsite generation 
and waste facilities incur more capital expense, and are more likely to be incorporated into 
new build schemes.
New buildings, on the other hand, will additionally look at minimising ecological impacts 
from the site location and the materials used as construction elements and finishes. 
Materials re-use and recycling play an important part, and can be taken further by 
specifically designing elements to be disassembled for re-use. The embodied energy from 
the manufacture of building elements, and the life-cycle impacts from different types of
4
URN 3247155 First Six Month Report E C B S H 3
element design are steadily being incorporated into design decisions, highlighted by 
publications like The Green Guide (BRE, 1998) and the Construction Materials Report 
(Lazarus, 2003).
2.1 Current Status
Predominant current practice in the built environment generally focuses on compliance to 
regulatory requirements that attempt to protect natural assets and ecosystems. 
Environmental Impact Assessment (EIA) involves auditing of the current situation and the 
anticipated effects on the local environment from a proposed development (Curwell & 
Cooper, 1998). EIA is mandatory as part of the Planning process for many types of project, 
and smaller projects are expected to produce at least an Environmental Statement. EIA 
only really has scope for modifying or adjusting developments to improve their 
environmental performance. It is rarely able to re-locate or prevent a project, and there are 
few penalties for lack of compliance compounded by the limited resources of the 
Environment Agency (EA).
While EIA addresses developments and large individual buildings, the Building 
Regulations 2000 look at the quality of the building itself. Many of the documents relate to 
the sustainability agenda without sustainability actually being the driving force behind 
them. Box 1 lists,the documents within the Building Regulations showing how some social 
and environmental considerations have been included.
Box 1 The Buildina Reaulations 2000
A. Structure: 1992, 1994, 2000
B. Fire safety: 2000
C. Site preparation and resistance to moisture: 1991, 2000
D. Toxic substances: 1992, 2000
E. Resistance to the passage of sound: 1991, 2000
F. Ventilation: 1995, 2000
G. Hygiene: 1992, 2000
H. Drainage and waste disposal: 2002
J. Combustion appliances and fuel storage systems: 2002
K. Protection from failing, collision and impact: 1998, 2000
L1 Conservation of fuel and power in dwellings: 2002
L2 Conservation of fuel and power in buildings other than dwellings: 2002
M. Access and facilities for disabled people: 1999, 2000
• N. Glazing - safety in relation to impact, opening and cleaning: 1998, 2000
Support to regulation 7. Materials and workmanship: 1999, 2000
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Evolution of this regulatory vehicle may provide a direct way of incorporating sustainable 
development in the future. However, further expansion of social issues would be required. 
Currently included are aspects of internal building environment for the health, safety and 
wellbeing of building users but the larger scale issues dealing with community impacts are 
left to the planning process. Also there is little consideration of the life-cycle impacts of the 
materials used for building elements; only the hazards and toxicity potential during the 
construction and operation phases are incorporated.
Best Practice, generally meaning beyond the Building Regulation requirements, is 
disseminated for particular sectors. The Construction Best Practice Programme (CBPP) 
and the Energy Efficiency Best Practice Programme (EEBPP), both supported by DETR, 
promote more efficient modes of operation, design and construction predominantly from a 
resource productivity point of view for energy, water and materials. This is an expanding 
source of information aimed at a variety of stakeholders and professions within industrial 
sectors that incorporates new technological advances and helps to inform decision-makers 
of their existence and benefits.
Most Local Authorities across Europe have established a Local Agenda 21 (LA21), 
spurred from the United Nations Conference on Environment and Development (1992) 
document Agenda 21. The prime objectives of LA21 are to use the planning process and 
local authority development efforts to encourage sustainable development on a community 
level. Participation of all stakeholders, particularly the public, and a transparency of 
decision-making are key elements. A broad range of parameters describing environmental 
issues, quality of life, governance, infrastructure, business and industry etc. are combined 
into an “environmental strategy” that is used to develop a clear Local Agenda Plan in 
concurrence with the local populace (www.ardc.ora/uem/la21). By addressing the 
sustainability agenda at this local level, with decisions having a direct bearing on “what is 
built, where and how”, the broader objectives of Agenda 21 should be achieved, at least in 
the countries and authorities taking part.
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National adoption of the Strategic Environmental Assessment (SEA) Directive by July 
2004 will set up a framework that is aimed at leading Regional Planning Guidance (RPG) 
for local and regional authorities towards sustainable development. It will raise the profile 
of environmental considerations to a more influential position in decision-making. There is 
doubt, however, whether SEA will effectively incorporate the social implications that are a 
key part of sustainability (Smith & Sheate, 2001). To address this aspect, the UK 
government is encouraging councils to use Sustainability Appraisal, a more integrated 
methodology that equally addresses economic, social and environmental implications of a 
plan or programme, to take on the sustainability agenda and allow local authorities a more 
autonomous role in their decision-making.
2.2 Issues to Address
Figure 1 illustrates the variety of issues that require consideration in order to achieve 
sustainability. This diagram could easily apply to any industrial, commercial or public 
sector organisation or operation, such is the far-reaching and all-encompassing nature of 
sustainability.
Life-cycle
impacts
Political & 
Econom ic 
effects
Health, 
Safety & 
W elfare
Sustainable
Building
DesignCost 
effectiveness 
of solutions
Resource
Productivity
Social effects & 
public 
participation ^ _
Figure 1 Issues to address to achieve sustainable construction  and build ing design
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While society will never achieve an instant step-change to sustainability, this diagram 
shows the avenues along which development needs to proceed, and the hurdles that must 
be overcome. An example from the building sector might be the improvement of the life­
cycle impacts of materials such as roofing products, and resource productivity 
advancements using new technologies in the manufacturing process of glazing. Examples 
of hurdles that need to be overcome would include the achievement of cost-effectiveness 
for onsite renewable generation technologies, and the development of public participation 
in schemes conceived to promote sustainability so that “NIMBY-ism” is reduced.
Life-cycle impacts -  for a building begin at the point of raw material extraction from the 
ground for both the material to be used in the manufacture of an element and for 
the natural resources to be used in the energy generation required at all phases of 
the building’s life. Figure 2 shows the life-cycle flows for a building and the 
possibilities for re-use and recycling of materials during its operation. Waste 
emissions to the atmosphere, to water bodies including groundwater and solid 
waste disposed on landfill sites must all be accounted for and minimised. A 
building’s life-cycle impacts end when all its component parts are either re-used for 
another building or purpose, or they are disposed of as landfill waste. Transport is 
another issue that must be included. Sustainability requires that re-use and 
recycling of materials is maximised, energy demand and transport requirements 
during the life of the building is minimised and volumes of all types of waste 
emissions decreased.
r
Health, Safety and Welfare -  the promotion of health and safety in all construction 
operations is well established in the building sector. Comprehensive H&S 
management plans at a high level of business translate to minimised incident 
numbers on site and thorough monitoring of working practices. Flowever, during the 
life of a building, as well as ensuring the health and safety of building users, their 
individual welfare must also be addressed. This deals with the internal building 
environment and the way people interact within it with issues such as ventilation, 
daylighting, work space layout and ambient temperature. Also to be considered is 
the provision of “extracurricular” activities like social activities, non-vocational 
training and sports facilities.
8
URN 3247155 First Six Month Report KBR
RAW MATERIAL EXTRACTION
Timber Aggregates 
& Stone
Steel,
Aluminium
Crude oil Glass Textiles
f t
BUILDING CONSTRUCTION
BUILDING OPERATION
REFURBISHMENT
BUILDING OPERATION
BUILDING DEMOLITION
W SOLID
Re-used material Waste material 
disposal to Landfill
ELEMENT MANUFACTURE
Roof
trusses,
timber
elements
Brick, 
block, 
stone, tile 
& kerbing
Concrete, 
cement, 
road & fill 
materials
Plastic
products
&
packaging
Cladding
&
structural
steel
Furnishing 
, finishes 
& glazing
■ E
AIR
► W AQUEOUS  
. . .  SOLID
E
AIR
■ W AQUEOUS
SOLID
^  AIR 
W AQUEOUS  
SOLID
E
AIR
W AQUEOUS  
SOLID
E
\M AIR 
vv AQUEOUS
-  E 
► W
AIR
AQUEOUS
SOLID
► w
AIR
AQUEOUS
SOLID
i----------- N M aterial m ovem ents
1-------- plus transport
* -----E Energy inputs
-----► W W aste em issions
Figure 2 Life-cycle flow s fo r a building
9
URN 3247155 First Six Month Report r<£fW;fgj
Resource Productivity -  is the quantity of output per unit of natural resource input (PIU, 
2001). This is related to the concept of the “ecological rucksack”, which is a 
measure of the quantity of raw materials extracted to produce a unit of finished 
product. Maximising resource productivity is a key element of the sustainability 
agenda; sustaining reserves of natural resources so that they can be used by 
future generations. For the building sector this will relate mostly to the manufacture 
of building products. Technological advances are required to create the most 
efficient method for providing the service for which a particular building element is 
made. Improvements in manufacturing processes for a paving slab, for example, 
will only achieve so much -  there is a limit of the quantity of concrete required to 
form the slab. By looking at the service provided by the slab -  a hard-wearing 
weather-resistant surface -  and substituting concrete for a recycled material such 
as waste rubber from tyres, or cement-bonded crushed masonry, the natural 
resource demands can be significantly reduced.
Ecological Burdens -  include all uncontrolled waste emissions, toxic and non-toxic, and 
site location impacts on the local ecology. Toxic emissions are of particular concern 
due to the small doses required to produce significant impacts and the potential 
hazards caused by pollution of groundwater by these substances. When assessing 
site locations, as in the EIA stage of a project proposal, it is important to include the 
effects of operation such as transport, spillages, waste storage facilities and 
possible changes to the wildlife profile due to human interactions. There are also 
burdens on a regional and global scale that need to be considered: acid rain 
formation from S 0 2 emissions and climate change caused by emission of 
greenhouse gases. Impacts such as these are likely to cause distant and 
disassociated problems that cannot be traced to individual buildings or operations. 
For this reason, the precautionary principle should be adopted so that emissions 
are reduced to a minimum despite a lack of direct local evidence to support the 
action.
Social Effects and Public Participation — all impacts and interactions within the
surrounding community resulting from a building. This is mainly controlled by the 
Planning process and can be used to include Conditions to the benefit of the 
community where the development causes impacts. This currently does not go far
1 0
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enough to involve the public and give them a voice in the decision-making process. 
Councils are now adopting Local Agenda 21 which encourages representative 
participation of all groups of stakeholders and sets up an Action Plan that specifies 
the inclusion of sustainable practices in authority-controlled activities such as waste 
management, environmental protection, transport infrastructure and community 
amenities. Sustainable construction of a building will address issues that occur 
during the construction phase with measures such as the Considerate Constructors 
Scheme (CCS) that ensure low noise levels, reasonable working hours, restrictions 
on vehicle movements, and effective provision of compensatory works for the local 
community during building (see Box 2).
Box 2 Considerate Constructors Scheme %
The CCS is a UK certification scheme that has been in operation since 1997, and is widely %
used in major or sensitive projects. Constructors score points depending upon the 5?
performance of the site with regards to the following issues: |
° Consideration ?
Environmental awareness 4
° Site cleanliness ;
° Good neighbourliness j.
Respectfulness ■’
° Safety
° Responsibility 4)
° Accountability 4
n Energy consumption
Fuel consumption 4
° Waste monitoring
° Waste segregation !
Pollution to air
Pollution to ground and watercourses 
The aim of the scheme is to encourage sites to be managed in an environmentally sound 
manner in terms of resource use, storage, waste management, pollution and good 4?
neighbourliness. (EcoHomes 2000)
Cost-effectiveness of Solutions -  a major hurdle to many new technologies that aid
sustainable development is the initial capital outlay with payback taking many years 
to realise. This is particularly the case for existing buildings where, for example, a 
photovoltaic roof is retrofitted on a house for £10,000 with the savings in electricity 
at the current low energy prices meaning that payback may take in excess of 20 
years -  which is more than the warranty life of the PV array. To encourage 
adoption of new “sustainable” technologies and processes, the most cost-effective 
measures must be taken in the first instance to achieve the greatest benefits for the
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lowest cost. Progressively more expensive measures are then required to meet 
performance standards. This places pressure on the technology manufacturers to 
produce solutions at a cheaper price, or achieve greater benefits for the same. 
Measures such as installing segregating waste facilities are cheap, and will save 
money from Landfill Tax payments. Installing a condensing boiler is more 
expensive, but if the current boiler is at the end of its life the payback for the new 
one is likely to be only a few years from the gas savings.
Political and Economic Effects -  the UK Government has put in place a number of 
measures and incentives to encourage.progress towards sustainability. These 
include the Landfill Tax, the Climate Change Levy and the Renewables Obligation 
as a way of taxing unsustainable activities and promoting better solutions. There 
are also incentives in the form of Capital Grants for specific technologies like PVs 
and energy efficiency, and encouragement of best practices like recycling, use of 
recycled products and provision of ecological amenity. On a broader scale, the 
Energy White Paper (DTI, 2003) sets out a political, economic and technological 
foresight for the UK energy future that will shape Government policy for the next 
decades. All these measures together create the political and economic landscape 
in which corporate decision-makers must assess the optimum construction method 
and building design.
Solutions to sustainability issues will lie in the social and technological arenas. The social 
aspects will involve better management and stakeholder involvement that can be 
addressed immediately and only require the political and social will to initiate. 
Technological solutions, however, are constantly being sought and form an incremental 
progression towards more sustainable practices.
2.3 Technology Options
Cost-effectiveness is the key factor in technological solutions. This has two aspects and 
can be related to the resource productivity concept described earlier. Firstly, in order to 
justify instalment of a new technology, the cost of that product or service it provides must 
be recovered within a reasonable length of time. In the current economic climate, recovery 
means financial recovery as the cost of a particular product means financial cost. This
1 2
makes no allowance for the “external” costs involved in the manufacture, use and disposal 
of the product that are highlighted by life-cycle analysis. Embodied energy, toxic waste 
emissions, natural resource extraction and the use of child labour are examples of external 
costs which should be included to ensure the most sustainable solution. If these external 
issues are included in the procurement process then a balanced decision can be made 
that includes economic, environmental and social costs together. Methods for equally 
assessing all the costs of a project will be discussed in a later section.
The second aspect is the effectiveness of a measure towards the goal of sustainability. 
Significant benefits must be derived from any technology employed on the basis of its 
sustainability. For example, the installation of roof insulation in a building is likely to 
produce significant energy demand savings which will directly translate to C 0 2 emission 
reductions illustrating the effectiveness of the measure. Designing a building that uses 
non-mechanical ventilation will dramatically reduce electricity requirements from air- 
conditioning during its life, will reduce maintenance requirements due to the lack of moving 
parts and will avoid the emission of refrigerants that are likely to have both ozone depleting 
and global warming potential when it is disposed. Clearly, to assess the true benefits of a 
particular technology we must look beyond the financial effects and examine the external 
benefits too.
In Appendix 1 are listed examples of current technological options for various purposes 
within buildings. The effectiveness of each of these options will depend on their specific 
application and scale, and the costs involved will depend on whether the building is new or 
the product is retrofitted as part of refurbishment, as well as the materials and processes 
used in its manufacture and the ease of installation. However, as an approximate guide an 
indication of the cost-effectiveness has been included that attempts to incorporate the full 
sustainability agenda for each technological option. A high cost-effectiveness represents a 
low cost option that produces significant improvements for sustainability performance.
2.4 The Need to Evaluate Progress Towards Sustainability
Sustainability itself is a multifariously defined concept which can consist of different 
components, or a different bias, depending upon the perspective from which it is viewed. 
The UK Government’s four objectives, listed in Box 3, are frequently displayed in differing
13
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orders depending upon the government department that is using them at the time and the 
particular bias and weighting they want to put forward. This can lead to unbalanced 
priorities and signals from the government that will allow corporate decision-makers to 
tailor their response to sustainable development more for their own interests than for the 
holistic sustainability agenda.
Box 3 The UK Strategy for Sustainable Development I
The four main objectives for sustainable development on a national scale in the UK. i
(A Better Quality of Life, DETR 1999). |
4
1. Social progress which meets the needs of everyone |
2. Effective protection of the environment f
3. Prudent use of natural resources .
4. Maintenance of high and stable levels of economic growth and employment f
Clearly there is a need to show transparency and equity in decision-making on a corporate 
scale. There is also a requirement to “standardise” the expectations of sustainability on a 
national scale so that comparisons can be made between companies, regions and 
individual projects. Common current practice involves corporate reporting of environmental 
performance alongside the more traditional financial reports. Recent moves by the more 
pro-active companies from a variety of industrial backgrounds are putting together 
sustainability reports. There is a reporting standard detailed in the Sustainability Reporting 
Guidelines (GRI, 2002), but there is little incentive as yet to encourage companies to follow 
this, or even write a sustainability report, beyond the purpose of market positioning by 
using sustainability as a sales tool.
In the construction sector and the built environment developments need to be evaluated 
against best practices and their performance towards sustainability. From the project 
overview stage down to the design of individual buildings impacts on social, environmental 
and economic issues need to be recognised and addressed. The following sections of this 
report will examine two such methods for evaluating sustainability performance on different 
scales: sustainability appraisal of projects, services and buildings and building 
environmental assessment for individual buildings. The aim is to review the effectiveness 
and the potential for broader use of these methods to encourage sustainable practices and
14
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consideration of the social agenda in concert with environmental and economic initiatives 
in the building sector.
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3 Sustainability Appraisal
“Sustainability appraisal is a process through which progress towards sustainable 
development can be qualitatively assessed by referring to relevant sustainable 
development objectives” (Greater London Authority, 2002)
The aim of sustainability appraisal is to measure the performance of a plan, project or 
development in terms of its impacts and benefits for the environment, society and the 
economy. As mentioned above, many aspects of sustainability are qualitative - lacking the 
ability to be easily reduced to numerical analysis, and are open to subjective interpretation. 
Sustainability appraisal attempts to evaluate in a balanced, transparent and consistent way 
using the opinions and experience of the full range of stakeholders within a structured 
framework.
3.1 Origins of Sustainability Appraisal
Since the 1992 Earth Summit significant efforts to assess sustainability performance have 
been made by corporations, NGOs and other organisations. This culminated in November 
1996 when the International Institute for Sustainable Development (USD) brought together 
an international group of measurement practitioners and researchers at the Rockefeller 
Foundation’s Study and Conference Centre in Bellagio, Italy (Devuyst, 2001). The result 
was a list of principles to serve as guidelines for the whole assessment process. They 
influence the choice and design of indicators, their interpretation and the communication of 
the result. These ten “Bellagio Principles”, shown in Box 4, act as a baseline for any 
sustainability assessment tool that is developed, and strive to effectively and equally 
evaluate quantitative with qualitative analysis across the sustainability agenda.
Sustainability appraisal (SA) is intended to be used in conjunction with other decision­
making tools such as Environmental Impact Assessment (EIA), Strategic Environmental 
Assessment (SEA), Social Impact Assessment (SIA), Health Impact Assessment (HIA) 
and Cost-Benefit Analysis (CBA). However, SA provides an over-arching role that is less 
specific and detailed than the other tools but will incorporate the key aspects of all of them. 
It does, however, allow scope for evaluating the interactions between separate issues, for
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example, the environmental impacts of a project and the resulting health implications. It is 
this factor together with the inclusion of a broad array of stakeholders that has the potential 
to make SA particularly useful.
Box 4 The Bellagio Principles
Principle 1: Guiding vision and goals -  clear vision of sustainable development and the
goals that define that vision 
Principle 2: Holistic perspective -  review whole system, consider well-being of social,
ecological and economic sub-systems and their interactions, consider both 
positive and negative consequences 
Principle 3: Essential elements -  consider the key sustainable issues within the
environmental, social and economic systems 
Principle 4: Adequate scope -  sufficient temporal and spatial scale for thorough
assessment
Principle 5: Practical focus -  explicit categories or framework with a limited number of
indicators and issues to assess, standardisation of measurement wherever 
possible
Principle 6: Openness -  accessible, explicit and transparent
Principle 7: Effective communication -  address the needs of the audience, indicator
choice to be stimulating and engaging and in plain language 
Principle 8: Broad participation -  broad representation across all stakeholders with clear
participation in decision-making process 
Principle 9: Ongoing assessment -  must be iterative, adaptive, responsive and be able to
show trends
Principle 10: Institutional capacity -  clearly assign responsibility and providing support in 
decision-making process 
(Source: http.7/iisd1 .iisd.ca/measure/bellaaiol .html
The UK Government has adopted the principles of SA to form the Good Practice Guide to 
Sustainability Appraisal o f Regional Planning Guidance (GPG25, DETR, 2000). This is 
aimed at encouraging regional and local authorities to include the sustainability agenda in 
their development plans. It is emphasised that SA will not produce the solution or make the 
decision, but will inform decision-makers to take a more holistic approach to their 
decisions. This is likely to influence Planning decisions giving the community a greater 
scope for participation, and social issues more weight, along the same lines as Local 
Agenda 21.
17
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3.2 The Quantitative - Qualitative Balance
Most assessment tools are based on numerical foundations. Originating from the scientific 
and financial sectors, the most effective way to measure the change in a particular factor is 
through numerical comparison. To compare one issue with another it is easier to reduce all 
issues to the same units and within our economics-driven society units such as cost and 
efficiency are the most common denominators.
Addressing issues that could not be directly quantified in financial terms have, 
nevertheless, been reduced to this baseline by using tools like cost-benefit analysis (CBA). 
This effectively places a monetary value on all issues. However, issues like personal 
comfort, ecological diversity, aesthetic appeal and climate change are all examples of 
issues that will never be fully captured by monetary value. Many of the environmental and 
particularly the social aspects are insufficiently represented and the full external costs are 
not taken into account.
Environmental assessment methods, like EIA, are a significant step away from this
monetary view of the world. EIA ensures that environmental impacts are addressed in their
own terms, monetary value aside, and that the full implications of ecological damage from
a project on a local scale are brought to the decision-makers table. To encompass a
broader scale the Strategic Environmental Assessment (SEA) Directive (EU Directive
2001/42/EC) was published in July 2001 (Smith & Sheate, 2001). This gives EU members
three years to adopt the requirements of SEA into national law. The purpose of SEA is to
“provide a high level of protection to the environment and to contribute to the integration of 
environmental considerations into the preparation of plans and programmes with a view to 
promoting sustainable development” (SEA Directive Article 1)
This will give environmental considerations greater weight at the authority level and will 
ensure that they are firmly on the project decision-makers agenda. SEA will effectively 
expand the scope of EIA to allow considerations wider than the existing local impacts to be 
taken into account, which can be monitored on a national scale.
On the social side, Social Impact Assessment (SIA).is used to a much lesser degree and 
is inherently difficult to represent in a comparable form. Issues like community perceptions, 
levels of amenity and even quality of life are hard to define in a way that can be compared 
across the country. These qualitative values are subjective, attempts to reduce them to a
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numerical basis lose an element of the detail and perspective: one persons safe street is 
to another dangerous, dirty and poorly lit. Cultural and locational differences have a strong 
influence, as does age, income, gender and aspirations.
There are, however, quantitative aspects to both environmental and social indicators that 
should be included in any assessment; air quality measurements are a defined 
assessment of the particulate content of the local atmosphere, the number of street lights 
.in a particular type of residential area can be compared around the country. There is a 
tendency to rely on these measurements to substantiate qualitative perceptions, giving the 
quantitative indicators a greater weight. If no quantitative indicators exist that represent a 
particular social aspect then there is a danger that the aspect will be omitted.
The key aim of SA is to provide a tool that allows subjective opinions, local expertise and 
community perceptions and fears to be regarded with the same weight as numerical 
indicators. This points towards a peer-review process supported by indicator analysis, 
rather than indicator monitoring and desk-based “tick-box” assessment.
SA also aims to take on the whole sustainability agenda in a single tool. It will inevitably 
lack the detail of EIA, SIA or CBA, although it is likely to be comparable to SEA but over a 
broader range of issues. The main benefit of this approach is the possibility to account for 
the interactions between issues; how economic factors effect the social and ecological 
landscape, or vice versa. For example, the environmental benefits from adopting 
renewable generation technologies such as a wind turbine will include a global contribution 
to C 02 reductions and possibly local improvements to air quality and waste disposal if an 
existing local power station is closed as a result. Social benefits will include a reduction in 
haulage movements and a perception among the community of “doing their bit for the 
environment”. Flowever, there may be social impacts in the form of noise, visual intrusion 
and electromagnetic interference. Interacting with these issues will be the economic 
balance of paying for the new generation technology, the potential for local employment in 
either building the wind turbine or demolishing the power station, and the drive for more 
efficient use of energy resources that usually results with raised awareness, potentially 
leading to lower energy demand and electricity bills.
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Clearly the economic, environmental and social impacts and benefits cannot be assessed 
in isolation. There are interactions between them that must be included to gain a true 
representation of the situation. Evaluation or appraisal of changes to society, the 
environment or the economy has to look not only at the components but at the whole 
pattern of society and economy (Ravetz, 2000).These interactions are impossible to 
reduce to numerical, quantitative, analysis in a way that is both transparent and easy to 
use. For this reason, a qualitative-based appraisal methodology is required that takes in 
the views of the full range of stakeholders and is supplemented by numerically-based key 
performance indicators (KPIs).
3.3 Sustainability Appraisal in the Built Environment
As the sustainability agenda becomes more engrained in the thinking of regional and local 
authorities, their requirements for projects seeking planning permission will be passed on 
to developers and designers. At present this has only really had influence on the largest 
scale projects, mostly in the public sector. But Local Plans now are adopting social 
principles alongside existing environmental issues in line with both Local Agenda 21 and 
SA guidelines from Government. This will lead to a more widespread use of this tool 
alongside the already widely used EIA.
An example of this current level of adoption of SA principles is shown in Box 5. This is a 
large public sector project that KBR have been pursuing. The Client’s insistence on 
adopting and demonstrating sustainable thinking led KBR to develop a SA methodology 
that is both comprehensive and flexible. It can be used for the overall planning stage of a 
large project, but is equally effective in assessing individual buildings. While this method 
has been used on the Bid stage of this project, the methodology requires further 
refinement to allow it to be used as a tool for any project. However, as a vehicle to initiate 
and demonstrate sustainable thinking, this tool provides a sound starting point.
To devise an appraisal methodology that would work down to the individual building level it 
was decided that the peer-review method would be facilitated using a checklist of issues 
that related the built environment to the sustainability agenda. The list of checklist items is 
shown in Appendix 2 and this was supplemented by examples of activities and processes 
within each issue that would initiate discussion.
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Box 5 Public Sector Case Study
KBR have been developing a Bid for a large PFI scheme for the public sector entailing 
accommodation and amenity provision on several sites in the south of England. From the outset, , 
sustainability was an instrumental criteria for the Bidders to address. Inclusion of measures such ij 
as renewable energy generated on site, sustainable urban drainage systems (SUDS), annexing £j 
land back to the community and protecting the local ecology throughout the numerous SSSIs 
and other protected areas were required by the Client.
;,f
As a way of demonstrating the inclusion of sustainable thinking, the Client encouraged Bidders \  
to develop a SA methodology and use this from the start of the design process. Consultants to ,/ 
the Client included a list of 31 criteria set within the UK Government’s four main objectives for 
sustainable development (see Box 3) as a starting point. The methodology recommended by the /  
Client was based on that set out in GPG25 (see above) as the scale of the project was 7
comparable to Local Council Development Plans.
KBR used the recommendations to create a more comprehensive SA model, using 43 criteria '!
(see Appendix 2) under 14 issue headings displayed in Figure 3. This, it was felt, provided !■'
sufficient detail whilst maintaining ease-of-use and repeatability requirements. The process was 
used during the bid stage to produce SA Reports on three levels of the project: the Master Plan ■' 
of each of the six sites, the five generic building types to be constructed over all sites and the 
service delivery contracts to be installed over the 30 year facilities management phase of the 
project.
Pending the result of the Bid, it is planned that the second iteration of the SA process will 
commence in the Summer. This will take into account any changes instructed by the Client, and L; 
design alterations as the project develops. \
(Further details of this project are currently confidential pending the result of the Bid proposal, , ■
this includes references that are currently omitted. In subsequent 6 month reports,.it is hoped 
that the opportunity to expand this case study will be available.) h
The first stage is to select the scope of the assessment. At present, three levels have been 
subjected to SA:
1. at a high level during site master planning
2. at a lower level for generic or specific building design and refurbishment
3. for use in designing how a service will be delivered over the duration of the facilities 
management phase of the project.
Once selected, an Appraisal Team is set up using the architect, designer, project 
manager, quantity surveyor, environmental consultant and contractor, plus inputs from the 
Client and from the results of Focus Groups with the development users. There is here a 
shortfall in the stakeholder representation in that the Local Authority and the Environment 
Agency, representing the surrounding community and the local ecology, were omitted from
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the discussion. However, at the early Bid stage of the proposal it was considered that 
there would be opportunity for their input at a later stage.
After a brief introduction from the Environmental Consultant describing the objectives and 
the process of the scheme, the checklist, defined under 14 issue headings displayed in 
Figure 3, is used to facilitate discussion around each subject area. Depending upon the 
type and scale of the subject (building, service or master plan) several of the issue 
categories are irrelevant.
Environm entalSocial
Landscape
Townscape Biodiversity & Nature 
Conservation
Land Use
Climate Change 
Air QualityCommunity & Social 
Cohesion Traffic & Transport
Geology & Soils
Sustainability
Appraisal W ater & Drainage
Waste
ManagementEfficient Use of 
Buildings & 
Materials  __
Health, Safety 
Welfare
Energy
Consumption
Management
Archaeology & 
Cultural Heritage
Economic Prosperity
Econom ic
Figure 3 The 14 issue headings and their in teractions w ith in  the susta inab ility  agenda (KBR 
Susta inability Appraisal Methodology, 2002)
For the relevant aspects, the sustainability performance of the development is empirically 
rated on a scale (A -  E) by comparing to either the existing situation at the site or in the 
community, or to current best practice standards. During the discussion of each aspect, all 
alternatives considered, the mitigation measures and the potential enhancement
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opportunities are noted, alongside the actions and responsibility for following up progress 
for that item. A SA Pro-forma is produced by the environmental consultant that essentially 
acts as minutes for the meeting.
The pro-forma is disseminated to all influencing parties to ensure that the sustainability 
issues discussed are included in the design process. For the Bid submission, a summary 
report for each master plan, service and building assessed was included with the design 
giving the SA rating the design achieved and details of the steps initiated by the appraisal 
process that have been taken.
This SA methodology has worked successfully so far, but it is clear that the next stage of 
the Public sector project -  actual design pending a successful bid -  will require a more 
focussed, or less vague, procedure using a more structured framework. This, however, will 
have to be achieved without losing the essential flexibility and awareness-raising qualities 
of the scheme.
There are alternative methodologies that could be adopted. The ASSIPAC methodology 
developed by Dimitri Devuyst (Devuyst, 2001) also uses a checklist process, and splits the 
SA process into
1. SA Check -  gathering basic information on the initiative and looking into the 
existing sustainable development policies, visions or strategies.
2. SA Study -  a more quantitative approach to identify the baseline and targets 
against which alternatives can be compared.
These two processes can be used as independent appraisals or can be combined with the 
Check feeding information into the more lengthy and detailed Study. The checklist is more 
lengthy than the KBR list (Appendix 2) and is primarily designed for the plan, project, 
policy and programme (PPPP) level of decision-making. It is conceivable that this method 
could be adapted for built environment projects, although it may prove unwieldy at the 
individual building level.
Another potential framework that could be adapted for SA is the Guidance on the 
Methodology of Multi-Modal Studies (GOMMMS) used for the appraisal of new road and 
transport schemes. This is a more structured framework that lists the quantitative 
measures and qualitative impacts on a number of objectives (see Box 6). Within each
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objective, key issues are identified and assessed using quality, scale, rarity, 
substitutability, importance, magnitude and significance factors. The precise meanings of 
these factors are explained in the framework documents (DETR, 2000), and the structured 
method is followed closely to give a qualitative assessment for that objective. The 
assessment results for each objective are summarised on an Appraisal Summary Table 
(AST) that gives a concise and clear one-page evaluation of the project. The transparency 
and stage-by-stage definition of the process makes it easily understood and performed. 
However, the drawback to this sort of scheme is the temptation to get to the result before 
sufficient research has been done. GOMMMS is only as good as the quality and 
thoroughness of the information put in and care and time must be taken on the initial 
stages.
Box 6 GOMMMS Objectives "
Environment Noise, local air quality, GHGs, landscape, townscape, heritage of ;
historic resources, biodiversity, water environment, physical fitness,
journey ambience.
Safety Accidents, security. '
Economy Transport economic efficiency, reliability, wider economic impacts. ‘
Accessibility Option values, severance, access to transport system. '
Integration Transport interchange, land-use policy, other Government policies.
Cost-Benefit Analysis
Further development of the KBR SA tool is an aspect of forthcoming research that will be 
pursued. Project Allenby / Connaught will, hopefully, continue to be the test subject as the 
method develops. It is intended that this tool will become adapted for all building projects 
that KBR pursues, and may even become an aspect of the Environmental Group within 
KBR that can be exported as a service in itself to satisfy other companies’ requirements.
What is clear is that in the future there will be a stronger emphasis on demonstrating 
sustainable thinking in all types of project. Setting up a transparent, concise, effective and 
comparable SA methodology that is transferable across the engineering and building 
sectors will provide an efficient and accessible tool.
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4 Building Environmental Assessment Methods
“An environmental assessment of a building provides the dual role of identifying success at 
meeting a level of performance on the one hand and guidance for the remedial work and 
feedback to design on the other. Furthermore, the assimilation of experience gained can 
form part of a broader context for creating change within the building industry.” (Cole,
1998)
Assessing the performance of buildings was initially restricted to energy efficiency, thermal 
performance and a few other specific issues like pollutant emissions. Gradually, as the 
environmental agenda expanded, other criteria were added to this list but were all 
assessed in isolation. The release of the Building Research Establishment Environmental 
Assessment Method (BREEAM) in 1990 was the first attempt to simultaneously assess a 
broad range of environmental considerations (Cole, 1998).
BREEAM has been expanded and revised since 1990 to include a number of different 
building types. Other Building Environmental Assessment Methods (BEAMs) have also 
been developed either using BREEAM as a starting point to create more regionally- 
focussed methods (as in the case of FIK-BEAM in Flong Kong and BREEAM-Canada), or 
using an alternative methodology to reach the same objective (as in LEED). Box 7 lists the 
current BEAM tools in common use and their country of origin.
Box 7 Building Environmental Assessment Methods 
Currently available:
BREEAM 98 for Offices,BREEAM 5/93 New Industrial Units, EcoHomes 2000 for homes & 
NEAT for Health Buildings (BRE, UK)
HK-BEAM 1/96R for New Offices, HK-BEAM 2/96R for Existing Offices & HK-BEAM 3/99 for 
New Residential Buildings (Hong Kong)
BREEAM-Canada & BREEAM/ Green Leaf (Canada)
BEPAC (Canada)
LEED version2.1 - 2002 (US Green Building Council)
Taiwan Green Building Label (1999)
Japan Green Building Guide
Currently developing:
Eco-Quantum Netherlands
Eco-Pro Germany
EQUER France
GBTool Green Building Challenge (International)
BREEAM Retail BRE, UK
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4.1 Requirements of BEAMs
As is clear in the generic name for these assessment methods, Building Environmental 
Assessment Methods (BEAMs) are founded in environmental assessment. Using tools like 
LCA and Whole Life Costing (WLC), the “cradle-to-grave” impacts of the site selection, 
materials chosen, construction method, operational efficiency and the decommissioning of 
a building could be incorporated to provide a summarised evaluation of a building’s 
performance with regards to its effects on the environment.
Since the development of these tools, the environmental agenda has been expanded to 
include sustainability issues. This has meant that there is now a need to include social 
impacts, and to some extent economic impacts, that result from a building and the 
operations within it. The scope of BEAMs now attempt to include the sustainability agenda 
on a single building scale, taking on issues such as internal environment, community 
impacts and transport provisions. The aim of this section is to examine how far BEAMs 
can be used to address sustainability and how thorough their assessment can be.
There seems to be an overlap between reducing the scope of SA to a building level and 
expanding BEAMs to include the whole sustainability agenda. However, while SA is 
inherently a qualitative tool, BREEAM, as an example of a BEAM, mostly uses quantitative 
data. Also BREAM does not require inter-discipline dialogue so there is little stakeholder 
input other than a Client’s requirements for a good BREEAM rating.
BREEAM consists of a list of standards for a variety of design considerations against 
which a building performance can be rated to give a final summary score. Details of the 
issues assessed in EcoHomes 2000 (BRE, 2000), which is the domestic residence version 
of BREEAM, are shown in Appendix 3. The issue categories are as follows:
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° Water
“ Land use and ecology 
° Health and wellbeing 
(EcoHomes 2000, BRE)
Similarly BREEAM ’98 for Offices uses these categories plus one for Management for 
overall policy and procedural issues. The assessment scores are weighted to reflect the 
relative priority given to each category (in the case of BREEAM ’98) or each issue (in the 
case of EcoHomes). There is much discussion over the validity and transparency of using 
potentially subjective weighting (Burnett & Francis, 2001) in these assessments. The 
weights for BREEAM assessments are derived using panels of experts (Dickie & Howard, 
2000) ranging from government policy-makers, construction professionals and 
manufacturers, academics and researchers to environmental activists and property 
developers. The 60 participants that form the panel distribute weights amongst the issues 
(see Appendix 3) according to their opinion of the relative importance of each issue. An 
average of their weighting results is taken to form the percentage of credits available to 
each issue out of a total figure.
While in EcoHomes 2000 weights are distributed directly in the scoring stage to each of 
the 23 issues, BREEAM ‘98 for Offices uses predominantly single-credits for the more 
comprehensive and detailed 85 issues, then weights the categories in the final summary. 
This allows the inclusion of more descriptive criteria assessed on an equal basis to 
numerical standards, but means that all energy issues, for example, are weighted equally 
despite some being far more effective and influential on building performance than others.
BREEAM, in its various forms, raises a number of questions with regards to assessing 
buildings towards sustainable development. The next section will look at these questions 
in more detail, and the practicalities of including the sustainability agenda in BEAMs.
4.2 Using BREEAM to Progress Towards Sustainability
During research into, and use of, BREEAM in both Offices and EcoHomes forms, a 
significant number of issues and questions regarding its appropriateness and effectiveness 
towards sustainability have emerged. The role of a BEAM, described by Cole (1999) is to:
° Energy 
° Transport 
° Pollution 
° Materials
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1. provide a common and verifiable set of criteria and targets so that building owners 
striving for higher environmental standards will have a means of demonstrating that 
effort.
2. provide the basis for making informed design decisions, i.e. a design tool that can 
provide direction and guidance at all stages of the development.
3. provide an objective assessment of a building’s impact on the environment, and a 
common measure of progress towards sustainability.
The primary aim of BREEAM is for environmental evaluation, which is generally measured 
relative to either current best practice or Building Regulations. To take this tool further to 
evaluate sustainable development requires a more absolute assessment in terms of social, 
economic and environmental impacts and benefits on a scale ranging from the internal 
conditions of a building to the global impacts from the manufacture of its elements and the 
emissions during its life. However, the nature of BEAMs require that the analysis is 
ultimately numerically-based so that performance can be summarised into a single score. 
Therefore, the criteria in BREEAM must act as carefully chosen indicators of the 
sustainability performance of a building, as well as giving design recommendations that 
lead to high levels of performance.
4.2.1 Assessment boundary and Scale
The checklist nature of BREAM lends itself to evaluations within a prescribed scale. The 
building and its components can be described in detail with changes in specification 
creating discernable changes in overall performance. This is shown in BREEAM with 
variations in the credit score the building achieves using different components.
28
URN 3247155 First Six Month Report KBR
GLOBAL
REGIONAL
E co log ica l
F u tu reBUILDING
Flum an
COMPONENTS
MATERIALS
Criteria
^  Time
Figure 4 The 3 d im ensions of environm ental assessm ent (Source: Cole 1999)
To measure sustainability performance BREEAM must incorporate the full range of 
influence, as shown in Figure 4, for issues beyond the building envelope and its immediate 
surrounds. Community, regional and global factors need to be included. For example, to 
assess the impacts of the various building elements used in the construction of a building 
BREEAM uses The Green Guide for Specification (BRE, 1998). This publication uses LCA 
to determine the scope of a product to contribute towards:
° Toxic pollution □ Reserves of raw materials
° Primary energy use ° Wastes generated
° Emissions ° Recycling
° Resources □ Costs
What are not included are:
° the potential transportation impacts in the supply chain up to site delivery from 
raw material sites globally.
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° the social impacts involved in the supply chain -  from health, safety and 
environmental issues at raw material extraction in Developing countries, to the 
employment issues involved from choosing products that use more mechanised 
manufacturing processes and hence a higher embodied energy.
° consideration of the comfort and wellbeing of the user from certain products 
such as maintenance requirements (e.g. flat roofing), ease-of-use (e.g. 
windows) and comfort and aesthetics (e.g. floor coverings).
While direct building-scale assessment is essentially straightforward and tangible, 
incorporation of community and global-scale issues requires a broader perspective, and a 
level of information unlikely to be achieved for all the components in a building. There is 
the tendency to make generalisations about the embodied impacts of certain products. For 
example, a company may produce aluminium-framed windows entirely from recycled 
aluminium, using only 5% of the energy and none of the resources required to produce a 
similar window from bauxite. However, in the Green Guide, all aluminium windows are 
given the lowest performance rating with no scope for the use of more sustainably 
produced aluminium products.
The key question about the scale of assessment is: can precision and objectivity be 
maintained with different scales? How do we measure community benefits in a way that 
corresponds to the detail of energy efficiency targets within a building? How can the 
emission of NOx from boilers within a building with their local impacts on air quality be 
equitably evaluated with GHG emissions with their global impact. BREEAM, along with all 
other BEAMs, reduces the assessment to a single figure, where scales and priorities are 
swallowed up by the weighting system applied.
While maintaining the requirement for a concise, accessible and transparent methodology 
is critical for any assessment tool that is to receive support, perhaps splitting assessments 
between building, local and global impacts to give three separate scores may offer an 
answer.
4.2.2 Quantitative versus Qualitative
Equally assessing numerical and descriptive criteria has been discussed in the earlier 
section on Sustainability Appraisal. The same issue occurs in BEAMs, where there is a
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risk that the detailed and defined nature of quantitative data is given precedence over 
inherently poorly defined and subjective qualitative evaluation. BREEAM reduces all 
information to a numerical state with its final score, and in attempting to achieve a certain 
credit rating for a building, a designer is encouraged to make trade-offs between 
completely different and incomparable issues.
For example, using EcoHomes 2000, improving the thermal performance of a building to 
15% above building regulations gives 4 credits, the same as ensuring the protection of 
existing ecological features on the site. It is easy to place a value on the thermal 
improvements to a building (in terms of capital cost, operational savings and reductions in 
GFIG emissions) but the value of preserving the ecology of a site will mean different things 
to different people. BREEAM creates the perspective that the designer adopts by placing 
an arbitrary value on the site ecology equal to a 15% thermal improvement. The designer 
is then able to choose which option to follow in order to obtain the 4 credits. This choice 
will almost always be decided by cost, but what is the “cost” of permanently losing an 
ecological habitat?
Clearly qualitative criteria are not all beyond assessments in terms of value, but BREEAM 
has the power to reduce all issues to a cost-benefit analysis theme, where all factors are 
“tradable” towards a better final score. As an alternative, a “dual score” system could be 
considered where quantitative-based criteria are summarised to a numeric score as at the 
present, accompanied by a more descriptive assessment summarising issues such as 
ecology, community and well-being impacts and benefits. While this may provide a 
solution, there is the danger of over-complicating the tool and reducing transparency. 
Flowever, a method similar to this has been incorporated into GBTool (Cole, 1999), though 
for essentially the opposite reason as “this would avoid the perception that after a massive 
effort of data collection and input, the final performance scoring and profile can be skewed 
by a subjective judgement”.
4.2.3 Cost versus Compliance
Credits available for levels of compliance to certain issues in BREEAM increase on a 
linear scale as performance increases. For example, Figure 5 shows the credits awarded 
for the level of C 02 emissions from a building’s services (E1 in EcoHomes). As emissions 
are linearly reduced so the credits awarded for that reduction are linearly increased.
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Flowever, the capital costs involved in attaining that C 02 reduction will increase at a far 
greater rate.
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Figure 5 Cost increases relative to BREEAM credits awarded
As described in the first section of this report, the most cost-effective measures towards 
sustainability should be taken in the first instance. Steps such as installing insulation and 
double-glazing will have low costs and produce large reductions in C 02 emissions. As the 
cheaper measures are installed, and performance standards still require further steps to 
be taken, a designer is left with little option but to use increasingly more expensive 
technologies to achieve relatively minor credit benefits, such as onsite renewable 
generation and structural modifications to existing elements.
In EcoHomes this discord occurs for several issues:
° C 02 emissions □ water consumption
° thermal improvement ° change of ecological value of site
° boiler emissions
While this appears as a discouragement against further investment, or a lack of reward for 
significant efforts, it does mean that credits are sought elsewhere which is likely to produce 
a more “all-round” sustainability performance (Burnett & Francis, 2001). For those last two
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credits, instead of installing embedded renewable generation like photovoltaics, a designer 
can choose to build facilities for cyclists.
In the BEPAC scheme, credits do increase with effort and expense in reflection of the 
dramatic cost increases as industry norms are exceeded (Cole, 1998) and this will 
encourage owners to seek greater levels of performance. Whether this is a cost-effective 
use of a developers resources depends upon the project and the criteria under 
consideration.
4.2.4 Voluntary Assessment
All BEAMs are currently voluntary assessments relying on the requirements for market 
positioning and selected authorities’ preferences for more sustainable development. As a 
market tool, BREEAM has shown only limited success. It has been in action since 1990, 
but in the first eight years only 400 offices were assessed in the UK (BRE, 1998). This 
represents a slow rate of market penetration in the commercial building sector (Cooper,
1999). However, in recent years there has been significant authority take-up, for example, 
the South-East England Development Agency (SEEDA) now require all new residential 
developments to be BREEAM-assessed. “SEEDA has announced that it will not support 
any project that does not meet the BREEAM EcoHomes ratings,” (SEEDA, 2002). The 
Public sector authorities have required in the project case study described above (see Box 
3) that all new buildings achieve an ‘excellent’ rating and refurbished buildings ‘very good’ 
using bespoke versions of BREEAM for Offices and EcoHomes. Perhaps most influential 
of all, there was strong encouragement of BREEAM in the Energy White Paper 2003 (DTI, 
2003).
Despite this, BREEAM has little significance in the majority of regions in achieving 
planning approval and no direct financial returns. This allows the relatively relaxed and 
undefined nature of BREEAM assessment to encourage innovative ideas (Burnett & 
Francis, 2001). The dual role of BEAMs to encourage developers to adopt the 
environmental and sustainable agendas in their building specifications whilst providing 
credibility to the full range of stakeholders and appeasing the more active environmental 
voices, requires this flexible nature. Once a BEAM becomes a regulatory implement, 
enforced by financial benefits or penalties, compliance to individual issues within the 
framework will be put under scrutiny. In essence, the use of BEAMs will appeal less to the
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altruistic preferences of developers and be more a question of minimum effort required to 
comply.
While this move towards regulatory-enforced building assessment would instantly increase 
the number of buildings assessed, the content of the assessment is likely to be 
substantially diluted by disputes, bureaucracy and litigious wrangles. It is unclear at this 
stage which way would produce the best overall building standard improvement. However, 
finding a successful non-enforced way of encouragement would clearly be the optimum 
solution.
4.2.5 Refurbishment of Buildings
“One of the prerequisites in industrial countries is that we should stop constructing 
additional new buildings, limiting ourselves to improve the existing stock. The objective is 
not to continuously expand the stock, but to improve qualitatively the stock without growth, 
which means that we reduce the material throughput and improve the functional quality
and the durability” (Kohler, 1999)
The methodology of BREEAM, both in Offices and EcoHomes forms, is based around the 
construction of new buildings to the point where a refurbished building may not even be 
considered for assessment. There are concessions to the re-use and partial re-use of 
buildings and their elements, but these seem to fall short of the positive encouragement 
that should be placed on the refurbishment of buildings due to the massive material 
savings, their embodied energy savings and the reduction of demolition wastes, that result.
In BREEAM 98 for Offices, credits that are available for a refurbished building are given 
for:
1. major building elements (upper floor slab, external walls, roof, windows) 
automatically receive an ‘A’ rating as per the Green Guide to Specification, where 
at least 80% are maintained. (24 credits)
2. the design re-uses more than 50% of existing building facades. (6 credits)
3. the design allows re-use of at least 80% of the existing major structure, (6 credits) 
This accounts for about 10% of the credits required to achieve an ‘excellent’ credit score.
What is not taken into account is the substantial expenditure required in most of the 
existing building stock to upgrade the performance of the building in other areas. In energy 
alone, the standards that most buildings were built to are some way below current Building
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Regulations. The investment required to improve insulation, install more efficient plant, 
provide effective sound-proofing and install leak detection and monitoring systems for 
water would be inhibitive. However, to truly take on the sustainability agenda 
refurbishment must be encouraged.
This was recognised by the public sector for their aforementioned project where they have 
required that refurbished buildings need only achieve a ‘very good’ rating, as compared to 
new build ‘excellent’ rating. The result is that new build will predominate as developers 
seek the best BREEAM ratings, and refurbished buildings will be undertaken but will 
achieve a lower standard.
A likely solution, and one that has been adopted by HK-BEAM, the Hong Kong adaptation 
of BREEAM, is HK-BEAM 2/96R for Existing Offices. This assessment tool is distinct from 
the New Offices tool, and assesses refurbished and re-used office buildings. The 
framework remains essentially the same, but the details of the issues assessed, and the 
credit weighting given to each, reflects the unique costs and difficulties in improving an old 
building’s performance. While this may not actively encourage refurbishment over new 
build, it does remove a significant disincentive.
4.2.6 Synergistic Interactions in Sustainability
Addressing the interactions between environmental, social and economic impacts and 
benefits have already been looked at in the Sustainability Appraisal section. These effects 
are inherently difficult to define and require a qualitative, more descriptive, evaluation 
method. BEAMs rely on key performance indicators (KPIs) to gain a defined measure of 
an issue and, while these indicators may be carefully chosen to provide representative 
information that is both transparent and concise, quality and depth of that information is 
lost in reducing it to a single figure.
BEAM frameworks are organised into distinct categories -  separating, for example, 
transport, pollution and health and well-being. There is no interaction between these 
categories despite the clear links that exist between them. As an example, by locating a 
building near a public transport node it gains credits. However, if that building is located 
adjacent to a major public transport node, such as a train station, there may be impacts to
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the internal office environment from particulate air pollution, and to the health and well­
being of the building users from excessive smell and noise. These “knock-on” effects are 
not included in an assessment.
It could be considered that attempting to gauge these more complex issues is beyond the 
remit of a BEAM. “Is a single unified method, capable of assessing each stage in the life 
cycle of a building whilst simultaneously coping with the varying interests of the wide range 
of stakeholders present at each stage, operationally viable?” (Cooper, 1999). It would add 
considerably to the complexity of the framework, lose transparency and conciseness, and 
act as a deterrent to using the scheme. It is likely to be a far better use of resources to 
perform a parallel sustainability appraisal that is able to incorporate synergistic impacts 
and benefits.
Taking this further, Cooper (1999) recommends a “toolkit” approach employing a range of 
co-ordinated methods'and techniques for undertaking successive assessments against the 
different components of sustainability. This would enable a BEAM to be used alongside 
measures like Environmental Impact Assessment, Strategic Environmental Assessment, 
Cost-Benefit Analysis and Sustainability Appraisal all supported by the Environmental 
Management System of the building developer or owner. However, as BEAMs stand, this 
is an important part of the sustainability agenda lacking in the assessments.
4.3 Addressing the Sustainability Agenda
BEAMs are steadily evolving away from environmental-focussed assessment and towards 
sustainable development. There are, however, inherent obstacles in the make-up of BEAM 
frameworks that prevent a single building assessment tool addressing sustainability in its 
entirety, as discussed above. Sustainability is defined in subtly different ways, and this 
acts directly against the need for specific and focussed targets and standards that are the 
nature of BEAMs.
To look at the scope of sustainability that needs to be addressed if a single tool is to be 
called a “Building Sustainability Assessment Method” we must look at the vast scope 
represented in the PICABUE model of sustainable development (Figure 6).
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Concern to 
protect the 
integrity of 
eco-systems
Concern for 
future
generations
Concern that 
individuals can 
participate in 
decisions 
affecting them
Concern for 
today’s poor & 
disadvantaged
Figure 6 PICABUE: the four principles of sustainable development (Mitchell & McDonald, 
1995)
Cooper (1999) describes the results of a workshop for BEQUEST, an international network 
funded by the EU to build a common language and framework for assessing urban 
sustainability. When asked by BRE about the shortfalls of BREEAM with regards to 
sustainability, they decided that BREEAM was predominantly concerned with 
‘environment’ issues, with minimal attention to ‘futurity’ and ‘equity’ and none to ‘public 
participation’. The conclusion was that while environmental protection and resource 
efficiency were catered for, socio-economic issues were essentially not addressed. Which 
meant that the sustainability agenda was only partially dealt with. Added to this is the fact 
that even environmental performance is assessed in relative terms, using best practices 
and building regulations based within a certain region or country, as opposed to the 
absolute assessment requirements that are necessary to illustrate the true sustainability of 
an activity. “As a result, there is no guarantee that buildings which score highly against a
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framework are making a substantial contribution to increased ‘environmental’ sustainability 
at a global scale” (Cooper, 1999).
To achieve this absolute sustainability performance in a building, the environmental 
impacts must be reduced by a factor of ten in order to counteract population growth and 
increased industrialisation expected during their lifetime (Kohler, 1999 & Rees, 1999). But 
this is clearly an unrealistic expectation of a building assessment tool that is aimed at the 
individual building level and requires mass-market adoption in order to create significant 
improvements to our building stock. The ultimate aim of a BEAM is not to ensure that the 
entire sustainability agenda is addressed, but to create the impetus to improve both new 
buildings and the existing stock towards sustainability. In other words, BEAMs are more 
about addressing sustainable development than the ideal of sustainability.
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5 Conclusion
The purpose of this First Six Month Report is to set out the baseline for my studies over 
the next three and a half years. From a starting point of a project title determined by KBR 
and the University of Surrey of “Sustainable Building Services by Design”, and using 
experiences I have attained in the first six months at KBR, I have attempted to illustrate the 
current state of construction and building design as it begins to adopt the sustainability 
agenda. This has been followed by an analysis of two contemporary tools that are aimed 
at encouraging sustainable development in the built environment from differing 
perspectives.
“Green” buildings form a small minority of the total number of buildings constructed every 
year, and an insignificant proportion of the total existing building stock. The nature of 
buildings are that they are very long-lived products. Once built it is better to leave them 
alone with only minor modifications than to demolish and rebuild, or perform major 
structural changes, before the end of their useful life, both in economic and resource 
productivity terms. As the most inefficient and poorly performing buildings are in the older 
existing stock, the most important avenue for research and encouragement must be in the 
improvement of the “minor modifications”, or refurbishment market.
Refurbishment and building upgrade should be a key part of sustainability appraisal of 
developments, both on a regional and an individual building level. BEAMs should 
specifically reflect and encourage refurbishment, independently of new buildings. These 
steps would provide the greatest impetus to the largest section of the built environment, 
and hence create the most substantial benefits to society, the environment and the 
economy on both a local and a global scale.
Building services incorporates energy, water and sewerage, transport links and access, 
ventilation and occupant well-being. Figure 7 sets out in more detail the factors involved in 
the building service sector. It is these services that have the greatest influence on the 
sustainability performance of a building, particularly an existing building.
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Building Services ► Energy >  Electricity
*'■ Gas & Alternatives
---------------------► Renewables
-----------------------------► Water ---------------- ► Potable
► Greywater
-----------------— ► Sewage
*  Transport ^  Com m uting------------------ ► Private
--------------------------- ► Public
 ► Operational
-----------------------------► User Well-being—► Ventilation/Aircon.
Lighting/Daylight
 --------► Thermal comfort
 ----------► Noise
 ► User Environs/Health &
Safety
Figure 7 The facets of building services
Sustainability appraisal, and particularly BEAMs, are key guides and evaluation tools to 
measure sustainability performance. At the design stage they offer detailed information 
and recommendations for specification in a building. During construction BEAMs provide a 
tool of significant leverage to ensure that a building is constructed to a high standard 
(Holmes & Hudson, 2002). Post-construction, BEAMs offer a check on the construction 
quality, and further information about the operation of that building to maintain the required 
standard.
The holistic value of these tools has been discussed above with regards to the whole 
sustainability agenda. Shortfalls have been highlighted, and potential for an expanded, or
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alternative, role has been discussed. As a first step, the use of these tools as they stand 
must be encouraged as they ensure that the sustainability agenda is considered in an 
even-handed way. As a second step, we must ensure that these tools evolve as our 
understanding of sustainability expands, and as the nature of the construction and building 
sector shifts from being product-focussed to being a service industry.
Both these tools, used in conjunction with other specific measures like Environmental 
Impact Assessment, Strategic Environmental Assessment and Cost-Benefit Analysis, have 
the power to include the whole sustainability agenda, and present it in a form that can be 
easily used by decision-makers.
My objectives for the next six months will be to expand my understanding of both SA and 
BREEAM, using the Public sector project in which KBR are involved as it progresses. I am 
also endeavouring to find another project, for example BAA Gatwick car park, to provide a 
broader base for my studies. With SA I am seeking to increase the definition of the 
methodology so that appraisals are consistent, transparent and repeatable for a range of 
applications. With BREEAM I want to look at specific parts of the methodology that I have 
highlighted in this report, with a view to suggesting alternatives. I also want to look at ways 
of increasing the uptake of these schemes by the building sector whilst avoiding the pitfalls 
of enforcement.
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Appendix 1 
Technology Options for Sustainable Construction and Building 
Designs and their Cost-Effectiveness
Table 1 Water Use and Drainage
Sustainability
Issue
Service Products Cost-
Effectiveness
Resource Appliances Aerating taps & showers
efficiency Dual-flush toilets 
Eco-labelled white goods 
Metering & monitoring
HIGH
Re-use/ Potable Grey-water recycling system
recycle Non-potable Rainwater recycling MEDIUM
Reedbed & Bio filtration
Drainage Sustainable Urban Permeable paving
Drainage Systems 
(SUDS)
Ponds, basins, swales 
Stone-filled drains 
Filters & interceptors
MEDIUM
Table 2 Water and Space Heating
Sustainability
Issue
Service Products Cost-
Effectiveness
Passive Design Thermal mass
heating Low-emissivity triple-glazed glass 
Insulation of roof, walls and floors 
Insulation of boilers and hot water pipes
HIGH
Active heating Water heating 
Space heating
Solar thermal water heating 
Heat exchangers
MEDIUM
Efficiency Energy CHP
Ground & air source heat pumps 
Low NOx condensing boilers
HIGH
Fuel
alternatives
Energy LPG
Biodiesel
MEDIUM
Renewable Energy Photovoltaics LOW
sources Wind & micro-wind MEDIUM
Fuel cell, hydrogen_______  LOW
Table 3 Lighting
Sustainability
Issue
Service Products Cost-
Effectiveness
Passive
lighting
Solar design Large glazed area, south-facing MEDIUM
Efficiency Light source Low-energy bulbs
User & time sensitive controls
Bulb reflector units
HIGH
Exterior Efficiency & durability Low-energy bulbs 
Daylight & motion sensors 
Downward-lit to avoid light pollution
HIGH
Isolated Independently
powered
Wind & PV powered with batteries MEDIUM
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Table 4 Electricity Demand
Sustainability
Issue
Service Products Cost-
Effectiveness
Efficiency
Alternative
fuels
Renewable
generation
Appliances
Onsite generation 
Onsite generation
Utility-run schemes
Eco-labelled white & electrical goods 
Low-energy bulbs 
Automatic controls & sensors 
Metering & monitoring 
CHP
Energy Management System 
LPG
Biodiesel 
Retrofitted PV
Building-integrated PV, micro-wind 
Biomass from local waste 
Green tariffs
HIGH
MEDIUM
MEDIUM
LOW
MEDIUM
HIGH
HIGH
Table 5 Ventilation
Sustainability
Issue
Service Products Cost-
Effectiveness
Energy
demand
Efficiency
Refrigerants
Non-mechanical
Mechanical, air 
conditioned
Air-conditioning
Openable windows
Building design for air in- & out-flows
Specific fan power
Variable speed drives
Impermeable building envelope
LowODP
Low GWP
MEDIUM
HIGH
HIGH
Table 6 Waste Management
Sustainability
Issue
Service Products Cost-
Effectiveness
Minimisation
Re-use
Recycle
Waste management 
policy
In construction 
Segregation
Procurement
Packaging
Timber, formwork, structural steel 
Aggregates, concrete, road planings 
Demolition waste 
Glass, metals, paper, plastics
HIGH
HIGH
HIGH
MEDIUM
HIGH
Waste-to-
energy
Sewage
Biomass
Anaerobic digestion
Incineration, pyrolysis, gasification
Gasification, bio-methanation 
Sludge incineration 
Methane collection for energy 
Pelletisation for agri-nutrition
MEDIUM
MEDIUM
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Table 7 Materials
Sustainability
Issue
Service Products Cost-
Effectiveness
Resource Roofing Timber frame, battens (FSC or other) HIGH
productivity Lightweight steel & composite HIGH
BiPV roof tiles LOW
Embodied Walls & partitions Stainless steel cladding & composites
energy Lightweight block MEDIUM
Mineral fibre insulation
Durability & Foundations Recycled steel piles MEDIUM
longevity Recycled brick & block in caged cells
Disposal Furnishings & glazing Softwood floors (FSC)
impacts Seagrass, cork, linoleum floor finishes MEDIUM
Vegetable-based paints
Table 8 Location and Transport Links
Sustainability Service Products Cost-
Issue Effectiveness
Commuting Public Train, bus, tram links nearby HIGH
private Cycle facilities, company coach link
Operational Heavy goods Train, ship MEDIUM
vehicles Light goods LPG fuelled, electric powered
Community Protection/ Local charity support
integration improvement of local Availability of catering, leisure facilities HIGH
environment Set-aside ecological area
Additional street lighting for safety
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 ^8 Appendix 2
KBR Sustainability Appraisal Criteria (Public sector case study)
Table 9
Aspect Objective |
Community & Social Cohesion Local community integration
Crime & security 
Nuisance impacts 
Local employment opportunities 
Facilities for under-represented groups 
Community welfare & staff retention 
Education & training provision________
Land use Impacts on current beneficial land uses 
Maximising benefits for available land
Biodiversity & nature conservation Protection of identified protected species
Protection of designated protected areas
Protect & enhance green spaces
Creation of ecologically valuable amenity
Landscape & townscape Protection of landscape (SLA, AONB)
Aesthetic appearance
Archaeology & cultural heritage Protection of designated monuments
Listed building preservation
Climate change & air quality Reduction in GHG emissions
Reduction of CFC/ HCFC use
Minimise air pollutant release
Water & drainage Protect local watercourses
Manage abstraction
Efficient use of water resource
Traffic & transport Rail & inland waterway use for freight
Local community disturbance
Public safety concerns
Non fossil fuel methods of transport
Reduction in car dependence
Geology & soils Avoid contaminated land risks
Avoid groundwater/ land pollution
Avoid flood risk
Energy consumption & management Improve energy efficiency
Use of renewable energy
Waste management Deliver waste minimisation practices
Management of hazardous wastes
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Aspect Objective |
Efficient use of buildings & materials Selection of non-hazardous materials 
Building design for longevity 
Selection of sustainable building fabric
Economic prosperity Quality if life of local community 
Ethical supply chain management
Health, safety & welfare Avoid hazardous materials to humans 
Avoid ecology-damaging chemicals 
Engage in stakeholder dialogue
50
URN 3247155 First Six Month Report CCEjP]
9 Appendix 3 
Issue Categories in EcoHomes 2000 (BRE, 2000)
Table 10
Category Issue Credits
available
Energy E1 C 0 2 emissions (kg/m^/year) 20
E2 Thermal performance relative to Building Regs. 
Part L
10
E3 Provision of drying space 2
E4 Provision of Eco-labelled white goods 4
E5 External lighting using low-energy systems 4
Transport T1 Site with good access to public transport 4
T2 Provision of cycle storage 2
T3 Proximity to local amenities 6
T4 Provision of space and services for a home office 2
Pollution P1 No ozone-depleting substances used in 
construction
16
P2 Boilers with low NOx emissions 12
Materials M1 Sustainably managed timber for basic building 
elements
6
M2 Sustainably managed timber for finishing elements 3
M3 Provision of recyclable waste storage 6
M4 Building elements achieving an ‘A’ rating from the 
Green Guide for Housing (BRE, 2000)
16
Water W1 Mains water consumption (mJ per bedroom per 
year)
30
Land use & Ecology L1 Existing ecological value of site 12
L2 Change of ecological land value 16
L3 Effective use of building footprint 8
Health & Wellbeing H1 Provision of adequate daylighting (BS 8206: part 
2)
Sound proofing exceeding Building Regs.
8
H2 16
H3 Provision of private or semi-private external space 4
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Summary
The nature of the impacts and benefits from the built environment cover a broad scope that links 
economic, environmental and social interactions. This occurs at a range of scales -  from the 
quality of life for the building user to global impacts to climate change and biodiversity from 
energy and material choices. Mapping, costing and mitigating these concerns will be a key 
stage in achieving sustainable development, not just within buildings themselves, but for the 
majority of society’s actions and interactions with the natural environment.
The broad theme of this research is to take a step towards the enablement of effective and 
inclusive sustainable thinking in the construction and operation of buildings. Within this theme, 
three discrete areas for detailed study have been identified that are aimed at achieving this 
goal.
Firstly, a substantial amount of research has already been undertaken of the various methods 
available to measure aspects of sustainability performance, both quantitatively and qualitatively. 
Existing methods are increasingly expanding from their respective foundations, environmental, 
utilities or monetary, to absorb greater proportions of the sustainability agenda. However, there 
are limitations to all current schemes, predominantly related to the balance between numerical 
and descriptive methods. The first line of research is geared towards amalgamating key aspects 
of existing tools to form a generic sustainability rating tool for buildings. As a market 
differentiation tool, this should provide a method of allocating value to well-performing buildings, 
when measured against key sustainability issues, so placing an incentive on developers and 
existing building owners to strive for higher levels of performance.
This rating tool is to be set within an application framework that enables sustainability to be 
readily incorporated into the corporate strategy and decision-making process for building 
developers. This will be devised as a process that highlights all the key considerations to ensure 
that sustainability enters the concept and design stage at the earliest opportunity.
A second research area under consideration is to pursue the effectiveness of PFI schemes with 
regards to encouraging sustainable development. Initially, PFI contracts, with their emphasis on 
lengthy design, construct and operate periods, seem ideally devised to promote the long-term 
cost savings from adopting sustainable options. Choices such as energy sources and efficiency 
of use, water and drainage efficiency, materials choices and waste minimisation practices all 
benefit from the long-term view.
However, based on the personal experience of Project Allenby/Connaught, the encouragement 
from PFI contracts towards sustainability is far from smooth. The multi-layered complexities of 
ownership and responsibility, and the severely discounted investment appraisals adopted all act 
against PFI in some circumstances. The object of this line of research is to uncover the 
conditions under which PFI contracts actively encourage sustainable development, and the 
hurdles such schemes must change or overcome to fulfil its potential.
Thirdly, a proposal is set out to examine the true costs of adopting sustainable building design 
decisions. While there are studies in existence that promote sustainability by illustrating the
12 Month Report
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savings that can be achieved from demonstration buildings, it is unclear which building types, 
sizes and markets would benefit most from choosing sustainable options over traditional 
methods. Additionally, the study would include an analysis of the risks attached, and perceived, 
from adopting sustainable solutions and the innovative technologies and methods inherent in 
moving away from ‘safe’ traditional building techniques.
It is intended that a model representing the most cost-effective application solutions for various 
sustainable options by building type, size and market sector will be derived. This will actively 
inform developers, and in particular the financial decision-makers such as quantity surveyors, of 
the true costs and risks involved.
The next stage is to elevate the level of research into the second and third options up to that 
currently achieved with the first, the sustainable rating of buildings. From this point, expected to 
be achieved by the end of 2003, a decision will be made as to the final focus of the research to 
the end of the EngD. The nature of the projects that will create much of the data set mean that 
information, data and case study testing will be continuous from Spring 2004, for Project 
Allenby/Connaught, and from approximately Spring 2005 for the Thames Gateway 
development. There is already strategic data from both these projects that will provide valuable 
input in existence.
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1 Development of Research Question
1.1 Context
The built environment contributes a substantial impact on the environment, the community, and 
the economy on a number of levels. From the supply chain during a building’s construction, 
potential impacts and benefits resulting from building users, the internal environment, local 
ecosystem and community interactions, expanding to a regional and national level, and finally 
incrementally adding to global trends. Within this broad scope are.issues that are not clearly 
linked to their origins, such as global climate change effected by a building’s thermal 
performance, and Developing World biodiversity impacted by material procurement decisions. 
This makes addressing accountability for corporate activities a complex and uncertain process 
and very difficult from a legislative perspective.
As discussed in the First Six Month Report (Atkinson, 2003), the predominant focus in the built 
environment is compliance to environmental legislation such as Environmental Impact 
Assessment (EIA) and the Town and Country Planning Act 1990. There is concerted 
encouragement towards energy and water efficiency, resource productivity and waste 
minimisation from various ‘best practice’ programmes supported by capital grants and Local 
Authorities, and the imposition of progressive fiscal measures such as the Landfill Tax and the 
Renewables Obligation. The measures as they combine together offer a complex landscape of 
‘carrots and sticks’ designed to coerce corporate activities into more sustainable levels of 
operation. However, the lack of transparency and clear guidance, and the fluid nature of the 
many initiatives complicate and conspire against the steady improvements required.
1.2 Research Question
To develop an approach to the research to be undertaken, the next stage is to derive a research 
question that is both pertinent within the theme set out, and achievable within the four-year 
timescale. Given that there is a strong and immediate need to improve the consideration and 
level of sustainable development within the construction sector, and the way its buildings are 
operated and decommissioned, the first question to be asked within this research theme is:
“ What can be done to encourage sustainability in the Built Environment?”
This question directs a strategic approach to the whole range of social, environmental 
and economic issues impacted by buildings. It asks about the effectiveness of 
Government and fiscal drivers, the reaction of corporations, the economy and the public, 
and the desired benefits to society and the environment. It asks what are the most 
achievable, feasible and cost-effective measures to adopt, and selects the bodies 
responsible for implementing a sustainability strategy.
The range of issues captured by the field of sustainable building design and construction 
includes a vast array of potential research topics. Examples of some considered are: -
• adoption of renewable energy into building fabric and processes
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• resource productivity for energy, water or materials used during either construction or 
operation phases of a building
• development of sustainable management systems for buildings
• mapping and mitigating the social and community interactions in the built environment
• processes to effectively and appropriately encourage the improvement of the existing 
building stock in preference to demolition and new build, etc
Potential project scales range from broad, industry-wide, management frameworks to specific 
and clearly defined applications and research topics, and can be focussed on any combination 
of the social, economic or environmental arenas. Research during this four-year EngD is clearly 
limited in time and resources -  being predominantly the work of one person. There is a careful 
trade-off in selecting areas of research that are useful, achievable and provide an addition to 
existing knowledge, but are able to be completed within the available time frame.
From the initial project title, the past year has entailed progressively focussing the research 
theme as experience, background knowledge, and work-related projects have expanded. There 
is an inevitable compromise between the personal aims of the researcher, the commercial 
drivers within the company, and the opportunities that arise within the scope of the work to 
which the researcher is exposed. The end of the first year sees a progressive development of 
research aims that allow flexibility, but set out a firm theme for the researcher to follow. It is 
ultimately intended that the research itself will have an influencing role on the projects to which it 
is applied.
1.2.1 Sustainability Rating Tool and Application Framework
Exposure to the implementation of BREEAM for Offices and EcoHomes, alongside the 
derivation Sustainability Appraisal, all involved with Project Allenby/Connaught, has 
moved research focus in the building and project assessment direction. This has lead to a 
greater appreciation of, firstly, the requirement for a generic, sector-wide method of 
accounting for sustainability issues and, secondly, the effectiveness and scope of existing 
methods together with their potential for ‘collaborative’ use with other tools.
This leads to a second question which seeks to reflect current assessment methodologies 
and focus the research proposal by asking:
“What tools are currently available, and how can these be adapted and 
amalgamated to efficiently, transparently and effectively achieve sustainable 
development in buildings?”
This was introduced in the First Six Month Report (Atkinson, 2003), during the discussion of 
Building Environmental Assessment Methods (BEAMs) and Sustainability Appraisal (SA). These 
are two examples of assessments that attempt to describe and score aspects of sustainability 
from opposite ends of the quantitative -  qualitative divide. SA is a purely descriptive ‘peer- 
review’ assessment method while BEAMs select key measurable indicators to compare against 
industry-set benchmarks.
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This leads to a third question:
‘‘Can current tools together adequately incorporate the whole sustainability 
agenda and which areas are lacking assessment?”
There is currently a range of tools available that aim to evaluate specific aspects within the 
sustainability agenda. No single tool currently available fully describes sustainability. These 
tools are regularly updated and expanded, each seeking a market advantage in the way it 
accounts for greater portions of the sustainability agenda. Tools that have become established, 
such as EcoHomes (BRE, 2000) in the UK and LEED 2.1 (US Green Building Council, 2002) in 
the USA, offer benefits in that it is broadly accepted as a standard assessment for buildings, but 
suffer from being unwieldy to adapt to advances in methods and understanding due to the 
larger number of industry dependants, and resistance to ‘moving the goalposts’. Conversely, 
methodologies still developing, such as GBTool (NRCan of the International Initiative for a 
Sustainable Built Environment, 2002) are continuously updating elements and increasing in 
complexity, but are not yet achieving a significant sector adoption. This demonstrates an initial 
requirement of a successful sustainability assessment tool in the trade-off between providing a 
thorough description of the sustainability agenda, while maintaining a level of conciseness and 
transparency that encourages sector-wide adoption.
The principle aim of this research is to assist the enablement of effective sustainable thinking in 
the built environment. To achieve this within the four-year research period, studies so far have 
focussed on two contrasting scales within this theme: -
1. deriving a generic framework to inform corporate strategy and decision-making to enable 
the application of sustainability principles to building projects.
2. using existing assessment tools and procedures to create a Sustainability Rating Tool to be 
applied to a range of building types.
This dual approach should provide mutual benefits, with the rating tool forming a part of, and 
complementing, the broader framework. It is envisaged that the Sustainability Rating Tool (SRT) 
will be the initial area of focus, with subsequent expansion to the generic framework as the 
project progresses.
The eventual goal of this direction of research is to arrive at a suite of tools, and a framework 
within which those tools reside, that can be applied to a range of projects to ensure that 
thorough sustainable thinking is a core element of that project’s execution. The tool itself must 
be commercially viable, transparent and useable by project managers to encourage maximum 
uptake.
1.2.2 Interactions of PFI on Sustainable Development
Project Allenby/Connaught is a Private Finance Initiative (PFI) scheme requiring the design, 
construction, operation and maintenance of military facilities for 30 years on six separate sites in 
the south of England. From the outset, sustainability was written into the development
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requirements, supported by the necessary use of BREEAM and Sustainability Appraisal, 
alongside other initiatives like sustainable drainage (SUDS) and community sharing of 
amenities.
On the surface, the use of PFI over a 30 year period seems ideal to promote the conditions that 
will allow sustainable options to become feasible. However, as the bid and design stages have 
progressed issues of conflict have arisen that highlight certain inadequacies, or oversights, in 
the way that PFI actually interacts with the sustainability agenda.
Although research so far has not progressed along this theme much in the last year, the 
proliferation and scale of PFI schemes, and their predominant use for public projects that may 
potentially expand into privately-initiated developments, mean that ensuring sustainability is 
effectively introduced and maintained along the length of a PFI project is a current and pressing 
issue. This provides an alternative research question within the over-riding theme of promoting 
sustainable building design and construction practices, by asking:
“How can PFI schemes provide optimal application of the sustainability agenda
for the built environment?"
The methodology for this research would concentrate predominantly on the contract 
requirements within Project Allenby/Connaught as a key case study, and representative of the 
current use of PFI contracts. Interviews of the contract manager, quantity surveyors and study 
of the interface between the client and project team will be supported by investigation of the 
workings of other recent PFI schemes by desk study. Research will be based around a critical 
review of current PFI contract specifications leading to an assessment of sustainability issues 
that are included, and the interactions with the project team decision-making process that 
results.
1.2.3 The Costs, Benefits and Risks of a Sustainable Built Environment
A third alternative research topic has been borne out of numerous discussions with various 
members of the design team within Project Allenby/Connaught, and those of other project 
teams. Implementing sustainable designs and the procurement of appropriate materials falters 
on the perceived costs and risks when compared to traditional ‘safe’ construction techniques.
As is the case in most projects, profit margin is constrained and the contractual and litigious 
risks are restrictive to unorthodox practices. This seems to act directly against the innovative 
and creative thinking required to encourage sustainability in the built environment. However, 
there is a growing collection of literature that illustrates the long-term cost-effectiveness of 
sustainable building choices, partly in terms of capital outlay, but predominantly in terms of 
operational and maintenance variable cost benefits.
While it is apparent that for certain demonstration building types it can be shown that 
sustainable alternatives may be cheaper in the long run, it is by no means clear that adopting 
sustainable choices will lead to a cheaper building in the majority of cases. Additionally, there 
are risk issues involved from using materials and methods unsanctioned by current building
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standards and regulations, despite encouragement from several directions to do so. This would 
lead to the question: -
“What are the conditions in which sustainable building choices become cost- 
effective, and what are the risks in their adoption?”
Research in this area would provide direct market benefits across the building sector. Cost 
models for a number of building type scenarios would compare traditional methods to various 
sustainable options, and would regard the fiscal effects on the range of issues involved.
External costs and benefits would also be considered with an estimate of their ‘value’ to building 
users, the surrounding community and the natural environment.
The methodology for this research would focus around cost/specification scenario comparisons, 
both using desk study methods and case studies from Project Allenby/Connaught and Thames 
Gateway. This would be supported by interviews of Quantity Surveyors, procurement team, 
architectural specifiers and construction managers to gain knowledge of the perceived 
restrictions and hurdles acting against greater sustainable option adoption.
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2 Development of a Sustainability Rating Tool for Buildings
Research to date has focussed on the potential to develop a form of comparable assessment 
for a range of buildings that guide designs and operation towards sustainable practices. There 
is a clear need to be able to measure the sustainability performance of a building, both for the 
design of a new building, and to evaluate the quality of an existing building. This will facilitate 
comparison to various standards of practice and benchmarks, and inform decision-makers of 
appropriate actions. As mentioned above, there are a number of tools available that assess 
specific criteria within the sustainability agenda as it is applied to buildings and construction. 
These are in a variety of forms, summarised in Table 1.
Table 1 Assessment methodologies for construction-related issues
Types of Methodology Examples
>
<0
Checklist
Issues comprehensively listed, with a simple 
scoring system or commentary. Ensures that all 
issues are included in assessment.
Sustainability Appraisal 
Sustainability Checklist (BRE)
753
a
Descriptive Scoring
Using a defined descriptive scoring method that 
provides an element of structure to decision­
making input.
Social Impact Assessment 
Environmental Impact Assessment 
Guidance on Multi-Modal Methodologies 
(GOMMMS)
a>>
73
*->
c
Economic
Reducing all issues to a monetary value.
Cost-Benefit Analysis / Investment 
Appraisal 
Whole Life Costing
Indicator
Monitoring issues using specific units, showing 
changes in performance.
Life Cycle Assessment 
Sustainability Performance Indicators 
Eco-Points evaluations (BRE)
ns3
o
Benchmark
Compares performance measurements against 
predetermined benchmark values to compare, for 
example, against industry best practice 
standards.
Building Environmental Assessment 
Methods (e.g. BREEAM, GBTool, 
LEED)
Building Regulations
Some issues cannot be effectively accounted for by numerical methods. Reducing some 
environmental issues, and most social issues, to monetary terms omits much of the background 
detail, and poorly represents the true impacts. It also prescribes a monetary value to, for 
example, an ecological habitat or community perceptions of safety and security, which then 
allows that issue to become a tradable commodity.
There are, however, many benefits to reducing issues to a quantitative denominator. This 
process allows direct and unequivocal comparisons where applicable, and the results are easily 
demonstrated and supported.
To effectively encompass the full range of issues within the sustainability agenda, any 
assessment procedure is likely to require a combination of numerical and descriptive 
assessments. In a mixed assessment process such as this, where a combination of quantitative 
and qualitative measurements is evaluated, there is a risk of giving numerically measured 
criteria greater weight due to their apparent decisiveness. The descriptive qualitative criteria are 
relegated because of their undefined nature.
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Balancing these methodological poles in a transparent and demonstrable way, whilst 
maintaining a concise and comprehensive application, will be the key factors in encouraging 
uptake of any tool or method put forward.
The 6 Month report described the development of a Sustainability Appraisal methodology to 
qualitatively evaluate the performance of a plan, project or development in terms of its impacts 
and benefits for the environment, society and the economy. This procedure proved very 
effective in its application to Project Allenby/Connaught (the public sector PFI scheme referred 
to in the 6 Month Report). Sustainability Appraisal introduced the sustainability agenda to a 
cross-section of the project team using a checklist of 43 criteria developed to comprehensively 
represent social, environmental and economic factors to initiate a peer-discussion to rate 
performance. The inclusion of the appraisal was initiated by the Client (the MoD), and was 
supported by the ‘Appraisal Handbook for Sustainability Appraisal and the Environment’ 
(Defence Estates, 2002). Box 1 details the source material used to derive the KBR 
Sustainability Appraisal methodology.
Box 1 Sustainability Appraisal Source Material
• MoD Defence Estates’ Appraisal Handbook for Sustainability and the Environment 
(version 2.1, issued Feb 2002)
• Office of the Deputy Prime Minister Good Practice Guide on Sustainability Appraisal of 
Regional Planning Guidance (Oct 2000)
• The Bellagio Principles that detail guidelines for sustainability assessment drawn up by 
the International Institute for Sustainability Development (USD) in 1996
• Aspects of the Government of the South West (GoSW) document The Regional 
Sustainable Development Framework for the South West of England (March 2001)
2.1 Sustainability Performance Indicators
While the SA process proved effective in raising awareness of sustainability issues and their 
impacts across the project team, the lack of quantifiable definition made more direct 
comparisons with successive design iterations difficult, and to other projects impossible. There 
is a need to feed in data, particularly during the 30 year facilities management stage to 
effectively monitor performance in more detail during successive appraisal iterations.
The GoSW Sustainable Development Framework integrated a set of indicators designed to 
monitor key issues effecting development and quality of life in the South West region of the UK. 
This is aimed at measuring performance of representative factors relevant to regional 
development. A list of the indicators used in the GoSW methodology is shown in Box 2.
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Box 2 Indicators used in the Regional Sustainable Development Framework for the South 
West of England (GoSW, 2001)
• % of all new development on previously developed land
• wild bird populations
• adult literacy levels
• traffic volumes
• waste management targets
• Levels of small and medium-sized enterprise creation and survival
• Net loss of historic/cultural assets
• % of region farmed organically
• % of tourist trips to South West by car
• bathing water quality
• relevant index of deprivation
• regional renewable energy target (GHG emissions when available)
• proportion of households with an income less than 50% of national average
• gap in infant and early childhood death and illness between socio-economic groups
The aim of incorporating indicators is to offer a consistent level of monitoring throughout the 
development so that progress, or regress, can be highlighted, reported and acted upon. 
Additionally, the application of sustainability performance indicators (SPIs) would be consistent 
with the requirements set out in BS EN ISO 14031:1999 Environmental Performance Evaluation 
(BSi). This describes the use of environmental performance indicators (EPIs), divided into 
Management Performance, Operational Performance and Environmental Condition indicators, 
which can subsequently be used to inform environmental, or sustainability, reporting.
2.1.1 Application to Project Allenby/Connaught
As part of the Outline Planning application for Project Allenby/Connaught it was decided that the 
Sustainability Appraisal process already in place should be supported by a method to monitor 
incremental changes in sustainability performance. While the usefulness of this may be limited 
during the design and construction stage, for the 30 year operation of the six military sites 
involved it was considered that monitoring indicators was the best way to evaluate changes at a 
level of detail beyond Sustainability Appraisal (SA).
To develop the indicators specific to this project, the criteria from the SA methodology were 
used. From each criteria, an appropriate indicator was derived that should be measurable at 
stages of the project. For some criteria, indicators were redundant, or overlapped with other 
issues. This meant that from 43 SA criteria, 39 SPIs were derived, shown in Table 2.
Having defined the indicator set, the next step was to achieve management agreement and 
support for the monitoring process. The question to be answered was “who is responsible for 
measuring, interpreting and acting upon the data collected?” At this point it was clear that the 
three project application stages defined the responsibility allocation required. During the design 
stage, the environmental consultants would provide feedback to the design team. The 
construction period, intermittent over a 10-year span for most of the sites, could be closely 
controlled through the Construction Managers; however an overarching guidance would need to
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be provided by the environmental consultants. The operation stage, which.begins from the start 
of construction, so is less clearly defined, would need support from the various Service 
Managers. This would also need to extend for the full 30-year lifetime of the project.
Table 2 Sustainability Performance Indicators for Project Allenby/Connaught
No Category Indicator Unit Prime
Application
1
Community & 
Social 
Cohesion
No. of community initiatives per year
No./yr Operation
2 %  of site covered by CC TV or overnight 
external lighting % area Design
3 %  of external lights designed to minimise light 
pollution % Design
4 %  of buildings with disabled access & facilities % Design
5 No. of complaints from local community relating 
to estate operations No./yr
Construction
/Operation
6 Ratio of welfare staff (medical, social, 
recreational) to site population Ratio Operation
7 Ratio of educational staff to site population Ratio Operation
8
Land Use
Area of development on ‘brownfield’ land per 
year .ha
Design
/Construction
9 Area of land accessible to the local community ha Operation
10
Biodiversity & 
Nature 
Conservation
% of ‘green space’ within estate boundary
%
Design
/Construction
/Operation
11 Change in ecological value of site (as defined 
in BREEAM)
Species-
hectare
Design
/Construction
12 No. of environmental enhancement/protection 
initiatives per year No./yr
Construction
/Operation
13
Landscape & 
Townscape
No. of new trees planted on site per year
No./yr Construction/Operation
14 %  of existing buildings either refurbished or 
retained % Design
15 Archaeology 
& Cultural 
Heritage
Area of site set aside for archaeological 
conservation/monument preservation ha Design
16 No. of Listed, historic or ‘historic merit’ 
buildings preserved No. Design
17 Climate 
Change & Air 
Quality
CO 2 emissions per year from site per capita
tonnes/
m2/yr
Construction
/Operation
18
Water & 
Drainage
% of site area drained using sustainable 
drainage (SUDS) % area Design
19 % of total number of oil interceptors serviced 
per month % Operation
20 Volume of surface water runoff leaving site per 
year m3/yr
Construction
/Operation
21 Total potable water usage on site per year per 
capita m3/yr
Construction
/Operation
22
Traffic & 
Transport
Ratio of cycle path length to road length within 
estate boundary Ratio Design
23 Peak passenger volume per hour using estate 
‘public’ transport system No./yr Operation
24 % of buildings providing cycle facilities (as per 
BREEAM) % Design
25 Volume of fossil fuel used for ‘white fleet’ per litres/yr Operation
9
URN 3247155 12 Month Report
year
26
Geology & 
Soils
% of vehicle fuelling & washdown areas where 
drainage is able to be isolated % Design
27 Area of development within 100-year floodplain ha Design
28 No. of pollution/spillage incidents per year No./yr Construction/Operation
29
Energy
Consumption
&
Management
Average %  improvement above 2002 Building 
Regulations (Part L) for the thermal 
performance of all residential buildings on site
% Design
30 %  of site energy demand met by renewable 
sources % Operation
31 Total energy usage on site per year (per capita) MW h/yr Operation
32
Waste
Management
%  of site-derived waste to be re-used/recycled 
(including composting) %
Construction
/Operation
33 Area dedicated to materials storage with 
appropriately designed and maintained 
pollution prevention
m2 Design/Construction
34 Efficient Use 
of Buildings & 
Materials
No. of buildings achieving BREEAM standards 
(‘excellent’ for new build; ‘very good’ for 
refurbished)
No. Design/Construction
35
Economic
Prosperity
No. of local labour force employed on site No./yr Construction/Operation
36 %  of local companies used during construction 
& FM phases %
Construction
/Operation
37
Health, Safety 
& Welfare
No. of locations within site where harmful 
substances are used in significant quantities No.
Construction
/Operation
38 Area of green space with minimal grounds 
maintenance (e.g. no weed killer, pesticides, 
lawn-mowing etc.)
ha Design
39 No. of community engagement meetings 
undertaken per year No./yr Operation
At present, only limited design data has been collated for the SPI set. This will be expanded with 
the next round of SA as the detailed building designs, the service delivery plans and master 
plans are progressively finalised.
2.1.2 Generic Indicator Development
The purpose of SPIs is to provide contemporary data that can be used to evaluate the 
sustainability performance of a development. This data is then used pro-actively to effect 
changes in the development that improve sustainability performance. For a generic approach to 
SPIs, the indicator set will need to include an element of site- and building-specificity. This 
means that it would be difficult to derive a single list of SPIs that can be applied to all buildings. 
Instead, a detailed guide, with perhaps example SPIs, could be laid out with a checklist of 
criteria to be addressed.
Taking the project Allenby/Connaught SPI set, certain indicators are likely to be applicable 
across the building sector -  e.g. Total energy usage on site per year (per capita), % of site area 
drained using sustainable drainage (SUDS). On the other hand, many indicators are specific to 
this particular project -  e.g. Area of site set aside for archaeological conservation/monument 
preservation, Ratio of welfare staff (medical, social, recreational) to site population. This implies
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that a substantial level of flexibility must to built in to any generic indicator set, to allow the 
specific nature of a site to be assessed using relevant indicators.
Another issue is that these examples describe, and are applied over, very different time frames. 
Indicators are more suited to long-term projects like PFI and facilities management schemes. A 
single snap-shot of performance is almost meaningless without preceding data, or a benchmark. 
This governs the prime purpose of indicators -  regular monitoring of performance within the 
project itself -  and limits its use as a comparison tool across a number of developments. Project 
Allenby/Connaught consists of six separate sites, each of which will use the same SPI set, but 
the data collected will be difficult to compare with the other sites due to the site- and building- 
specific nature of each subset of the development.
It is important to remember that SPIs do not set out to measure actual performance, but the 
changes in performance over time. “In a sense the absolute values of the SI (Sustainability 
Indicators) may not matter; instead, the emphasis is on how they change with time”(Bell &
Morse, 1999).
There are criticisms of the use of a manageable number of indicators to represent the 
sustainability agenda. The approach is, like the majority of scientific approaches, ‘reductionist’ in 
nature. To effectively represent all the interactions and impacts effected by sustainability issues 
would be an endless task, and an interminable hindrance to the application of the process to the 
‘real world’. Sustainability Indicators “attempt to encapsulate complex and diverse processes in 
a relatively few simple measures...Scientists deal with a complex system by breaking it down 
into components and studying how these work in isolation and then together: this is the 
reductionist approach”(Bell & Morse, 1999). However, care must clearly be taken to choose 
indicators appropriately, and it cannot be assumed that a set of indicators put into use will not 
need to be altered as information returns.
Changing indicators already in place can cause its own problems. Construction management 
practices followed to perform well against indicators will become confused if the indicators then 
change. There may also be political issues from accusations of altering the indicators to improve 
the appearance of sustainability performance in the sector.
2.2 Sustainability Rating Tool
Rating the performance of a building is not a new idea. From the financially-orientated 
investment appraisal methods, such as Cost-Benefit Analysis (CBA), through energy 
performance assessments, such as Standard Assessment Procedure (SAP), and evolving to 
broader environmental assessments like BREEAM, LEED and GBTool, there has been a trend 
to incorporate a wider spectrum of issues vyithin the sustainability agenda under a single 
umbrella tool.
There are two key factors that determine the success of any assessment tool: -
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1. Effectiveness -  where the assessment methodology is as thorough as practical, and 
representative of the full spectrum of issues considered important. .
2. Usability -  where the assessment is transparent, comprehendible and concise, and can 
demonstrate its effectiveness to a range of stakeholders.
There is a clear dichotomy between a thorough assessment and a concise assessment. To 
effectively assess building sustainability, criteria must be very carefully selected to efficiently 
represent the sustainability agenda.
2.2.1 The Market Case
To improve the sustainability performance of buildings, both existing and new, there needs to be 
a combination of measures that ensures that all buildings attain a certain basic standard, but 
also provides the mechanism for those that exceed this standard by a significant amount to 
benefit financially. The ‘sticks’, in the form of government-imposed Building Regulations, exist in 
most countries to set minimum standards. These are occasionally updated to reflect an 
improving building stock and technologies available, such as the recent changes to Part L1 and 
L2 (2002) dealing with energy efficiency and thermal performance. The greatest problem with 
this legislative approach is that it only applies to buildings as they are built. So a house built in 
1987, for example, to the 1985 Building Regulations will be of a standard substantially below 
current building standards set in the 2002 Building Regulations.
The ‘carrots’ come in the form of market incentives aimed at encouraging developers to build to 
a standard in excess of the minimum requirement, and towards a ‘best practice’ standard. Tools 
like BREEAM and EcoHomes have been available since the early 1990’s, and have attempted 
to guide developers along a path of better building performance, primarily with regards to 
environmental impacts. Uptake of these tools was initially sluggish. Recently however, as the 
tools themselves are regularly updated and expanded to apply to a greater scope of 
assessment, there has been an increase of support from public bodies like the South East 
England Development Agency, Local Authorities and central government. This in turn is 
beginning to stir the private market.
BEAMs are generally, from environmental foundations, taking on the assessment of an 
increasing number of social issues where they can be reduced to a quantitative benchmark 
comparison. However, comparison of the criteria assessed in EcoHomes to the issues 
described in the SA methodology highlights how small a contribution towards social welfare, 
community benefit and local economic interaction that is included. Indeed, the question “is the 
building in the best location?” is never addressed.
This aside, BREEAM and EcoHomes provide the best mainstream building assessment 
methodologies currently available in the UK, and cover the greatest portion of the sustainability 
agenda. The fact that their use is significantly increasing, as a result of imposed requirements 
from Clients of projects (for example, the MoD as Client for Project Allenby/Connaught (A/C) 
requires that all new buildings must achieve ‘excellent’, refurbished buildings ‘very good’ in 
BREEAM/EcoHomes assessments) means that the BREEAM rating is gaining some market
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status. Associated with achieving the required standards, there is usually a penalty for non- 
compliance. In the case of Project A/C, there are 5% and 10% penalties on the value of each 
building that fails to achieve the set standard for new and refurbished buildings respectively.
This creates a market value for the rating that in the private sector could ultimately produce 
some financial reward.
It is foreseeable that rating tools like BREEAM will eventually become sector standards, in much 
the same way that ISO 14001, whilst voluntary, is rapidly becoming a standard requirement for 
companies to be considered for building contracts and supply chain inclusion. It is a market 
differentiator in a competitive sector that satisfies the corporate social responsibility 
requirements that the larger companies and public bodies are addressing.
The question remains; will a company pay more for a commercial property that can demonstrate 
good sustainability performance? Will a private home-owner pay more for an ‘A’ rated house? 
For the private home-owner altruistic tendencies may play a part in the decision, but not to a 
level that significantly affects the market. For both private and corporate buyers, another 
important factor is the durability of the scheme -  when they come to sell on their property will 
they receive financial benefit for selling a well-performing building?
Another factor to consider is the operational benefits that a well-performing building may 
provide. This mostly entails reduced variable costs during the life of the building -  mostly 
concerned with utilities efficiency or sustainable source substitution. However, a well-performing 
commercial building should also provide distinguishable user benefits that, while they may not 
be directly reduced to a monetary gain, will certainly benefit a company’s performance by, for 
example, reducing the staff turnover rate, reducing ‘sick days’ and ultimately improving 
productivity.
The corporate decision-making process is, understandably, predominantly focussed around 
maximising financial gain, or minimising loss. Additionally, by the financial models most 
commonly used, capital expenditure tomorrow carries a far greater weight than incremental 
operational benefits over the coming years. Discounting variable costs and benefits into the 
future reduces their value today, tipping the balance of commercial decisions in favour of 
building cheap to minimise capital expenditure.
2.2.2 Market Sector Selection
Within the consideration of the market value of any form of building assessment mechanism,, the 
question of efficiently creating the greatest influence from the use of such a tool -  ‘the biggest 
bang for our buck’ -  needs to be addressed. This will determine the most beneficial market to 
pursue for the greatest impact.
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. Table 3 Market sectors for building assessment focus
Sector Build Type
Domestic New Build
Public Existing / Refurbish
Commercial Self-Build / DIY
While further analysis needs to be done, from an initial viewpoint the largest market volume 
would be in the Existing Domestic sector. A wholesale improvement applied to this sector alone 
would create the greatest sustainability benefits. Whether this would be cost-effective will be a 
subject for further study as part of this research. Conversely, the sector that will provide the 
most rapid uptake may well be the Public sector, and the Commercial sector is likely to place 
the greatest value on sustainability performance of a new building.
It is clear that to achieve commercial acceptance of a form of sustainability rating mechanism for 
buildings, decisions must take in more than purely financial considerations. Compliance to 
regulations and standards, market sector position and differentiation, corporate social 
responsibility requirements and the potential influence of banks and insurance companies are 
being brought into the decision frame. These factors are expected to play are far more 
influential role, particularly in the commercial and public building sectors, in the near future.
2.2.3 A Suite of Tools
Derivation of a sustainability rating tool (SRT), perhaps within each discrete market sector, 
would necessarily require a method of comparison across that sector. This inevitably means 
some form of benchmarking would have to be incorporated. It is conceivable to set up a matrix 
of building type and size groups and regional locations to assign specific benchmark values for 
the more technical areas of assessment like energy and water use. Ecological factors would 
have to take into account the surrounding locale -  urban, suburban, town, village, rural - and 
social factors may be more difficult to define. Very quickly we are looking at a three- or four­
dimensional matrix of sets of benchmark figures, which immediately defeats the counter­
purpose of concise simplicity and usability that is essential for the success of any tool.
It is also important that innovation and creativity are not stifled to be replaced by ‘clone’ 
buildings that all satisfy the requirements of the assessment tool in the same way. This in itself 
would not benefit user wellbeing or quality of life in the community. An inherent flexibility in the 
ways that good ratings can be achieved must be a key aspect. This is achieved to some degree 
in BREEAM where a poor performance in individual criteria can be offset by good performance 
in others.
As described above, there are a plethora of tools available for building assessment within 
various niches of the sustainability agenda. There are tools for energy use and efficiency, water 
usage, material and resource impacts, transport and infrastructure impacts, environmental and 
ecological interactions, and social and community effects. As asserted by Sarah Cowell in
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describing the current status of Life Cycle Assessment methods and the position they occupied 
in the decision-making process: “There is no need for new tools, the way forward now is for 
greater integration between tools and processes” (CES/IEMA presentation, 2003).
Table 4 shows a range of current tools that evaluate parts of the sustainability agenda. By 
assigning a particular tool to economic, environmental or social categories in no way means that 
the tool thoroughly represents all the issues within that category. However, this does provide an 
indication of the range and number of tools that may be employed. Tools denoted with a © in a 
category represents a reasonably good quality level of assessment, either in terms of the range 
of issues addressed, or the definition of the assessment process in quantitative terms. Denoting 
a tool with a © means that some issues are addressed, but not comprehensively, or that the 
method adopted relies more on qualitative evaluation.
Table 4 Appropriate application categories of current assessment tools
Tool Economic Environmental Social
CBA
©
WLC
© ................  . . .  © _____
EIA
© ©
SIA
©
GOMMMS
© © ............ ©
LCA
©
BREEAM
© .  . .  .............© ____
SAP
© ©
SA/SPI . ©  . © ©
While focussing on the existing tools should encourage the development of a usable method for 
evaluating buildings without ‘reinventing the wheel’, care must be taken to ensure that the key 
aim of this research is not lost - the enablement of effective sustainable thinking in the built 
environment. This means incorporating as much of the sustainability agenda as possible, in all 
its forms, impacts and benefits. There are likely to be issues that are, as yet, unmeasured by 
any existing tool in a definitive way.
As a template towards thorough inclusion of sustainability issues, the Sustainability Appraisal 
checklist can provide a sound starting point. Table 5 displays the sustainability issues to be 
addressed in the built environment. They have been grouped under economic, environmental 
and social headings, but it is understood that there is interaction and overlap between the 
majority of these criteria, as described in the 6 Month Report.
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Table 5 The Sustainability Agenda as it applies to the Built Environment
ECONOMIC_____________
Local employment opportunities 
Efficient water appliances & usage 
Improve energy efficiency 
Building design for longevity 
Quality of life of local community
Expected pay-back time for project 
Ethical supply chain management
ENVIRONMENTAL_______
Change of land usage
Protection of identified protected 
species
Protection of designated protected 
areas
Protect & enhance green spaces 
Creation of ecologically valuable 
amenity
Protection of landscape (SLA, 
AONB)________________________
Reduction in GHG emissions______
Reduction of CFC/ HCFC use
Protect local watercourses
Manage water infrastructure
Non fossil fuel methods of transport
Avoid contaminated land risks
Avoid groundwater/ land pollution
Use of renewable energy
Waste minimisation practices
Selection of sustainable building 
fabric
Avoid ecology-damaging chemicals
SOCIAL_______________
Local community integration 
Crime & security 
Nuisance impacts 
Facilities for under-represented 
groups
Community welfare, facilities & 
amenities
Maximising community and user 
benefits for available land
Aesthetic appearance
Protection of designated/Listed 
structures
Minimise air pollutant release 
Local community disturbance 
Public safety concerns 
Reduction in car dependence 
Avoid flood risk
Management of hazardous wastes
Selection of non-hazardous 
materials
Engage in stakeholder dialogue
Using this list of issues, the next step would be to allocate measures within the existing tools 
able to evaluate performance of a project or building against each issue. The most 
comprehensive way of achieving this would be for every project to undertake the practice of 
using all available tools to cover as much of the sustainability agenda as possible, including 
several areas a number of times over. This is clearly an inefficient use of company time and 
resources, and may still omit some areas that are currently not adequately assessed.
To achieve an efficient rating tool, that is concise and simple to use, it is necessary to select key 
measurements from the existing tools that most effectively represent sustainability issues. This 
would include a ‘gap analysis’ to identify any factors not included in existing methodologies, 
while allocating representative measures amongst the SA checklist above.
Following this stage, methods for measuring currently unevaluated criteria will be developed 
and compared, prior to integration into a final framework for all criteria assessment measures. 
Figure 2 shows this process in flow diagram form.
There will be substantial opportunity to test variations of the tool framework during the case 
studies to be discussed in section 3.
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Test framework tool on 
available case studies
Sustainability Appraisal 
Checklist
Derive framework for tool 
component integration
Develop new indicators /  
evaluation methods for 
unevaluated issues
Allocation of existing tool 
components across the 
checklist.
Gap Analysis across all 
existing tool measures 
against checklist
Figure 1 Development of Sustainability Rating Tool
2.2.4 Development of an Inclusive Framework
The application of assessment tools is only part of achieving a balanced inclusion of 
sustainability considerations into the decision-making process. The second objective of this 
research is to develop a generic framework that informs corporate policy, strategy and decisions 
of the holistic impacts on the various sustainability issues focussed around the building and 
construction sector.
The main aim is to achieve management support towards sustainable development of a 
company’s operations, in line with the growth of Corporate Social Responsibility (CSR) 
initiatives that forms an expanding awareness in the public sector and larger corporations.
There is support for CSR reporting from the government and the stock market (in the form of 
schemes like FTSE4Good and the BiE Index), but little of this is currently applied through the 
supply chain or to small- and medium-sized enterprises (SMEs).
Any management framework to include sustainability initiatives will inevitably be based around 
the financial implications and comparisons with non-sustainable alternatives, and will involve an 
element of cost and scenario modelling. The details of this stage of the research have not been 
fully examined, but may be developed as an alternative research focus as described above.
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3 Case Studies
Within KBR there is substantial opportunity to test theories and tools on a number of live case 
studies currently in progress. In progress now is Project Allenby/Connaught with its variety of 
building types on a vast scale, and incorporating refurbishment alongside new build, social 
interactions and potential ecological mitigation measures, set within a strict economic model.
KBR are also involved at the early stages of the Thames Gateway community developments, 
which will adopt sustainability principles at its core, and will provide the full range of community 
buildings and housing types for study. The Building and Assets group of KBR also have a range 
of commercial building ventures that can offer further case studies for assessment.
3.1 Project Allenby/Connaught
This project is aimed at providing substantial improvements to the quality of life for soldiers in 
Aldershot Military Town and five military sites around the Salisbury Plain Area (SPA). The focus 
is on the living accommodation, upgrading all facilities to single-room occupancy with ensuite 
toilet/shower facilities. Linked to this is the overall improvement of dining and recreational 
amenities and to some aspects of technical workshop areas. The sites are all either bordering, 
or are within, sensitive ecological, archaeological and heritage regions that impose severe 
restrictions on development options.
The project, in addition to incorporating 10 years of construction and refurbishment in the 
upgrade of soldiers’ facilities, includes facilities management of all six sites for a period of 30 
years. This includes all transport, grounds maintenance, office supply, domestic, storage and 
catering services over this period.
There is clearly scope for cost-effective sustainable opportunities over this lengthy design and 
operate period, and sustainability has been included from the outset as an issue to address 
throughout the project. Since conception, however, the commitment from the MoD towards 
sustainable development has become less clear as individual proposals are put forward, and 
the effectiveness of the PFI contract to encourage sustainable choices has been called into 
question. The project is tightly controlled by financial restraints, and this may prove a significant 
hurdle with focus on capital outlay over the value of operational and external benefits.
As a case study, there will be a number of building types in a variety of locations to consider. 
The building categories can be summarised as follows: -
• Single living accommodation for soldiers and officers
• Dining centres -  including a cafe and retail element
• Messes -  incorporating restaurant, pubs, lounge areas and some accommodation.
• Sports buildings
• Offices and training buildings
• Technical and workshop buildings
Within these building categories there are new build, conversion and refurbishment options 
depending upon the state and location of existing buildings, and their appropriateness for their
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future task. The current design proposal details approximately 800 new buildings, with more 
existing buildings refurbished and maintained. Clearly the large scale of the project will supply a 
number and variety of case studies that should create a healthy data set for analysis.
3.2 Thames Gateway
The Sustainable Communities Plan (ODPM, Feb 2003) has been initiated to achieve “a step- 
change in policies for delivering sustainable communities for all” (Sustainable Construction, July 
2003, DTI). This entails substantial financial support for improving and developing sustainable 
housing and communities, particularly in deprived areas, and those requiring regeneration. 
Proposed housing projects are aimed at the affordable and social markets, but with emphasis 
on private ownership of houses set in an effective community environment.
In line with this, KBR are currently in the very early stages of developing a plan to contribute to 
the sustainable community initiative concentrating on the Thames Gateway area. This location 
has been identified by the government and the relevant local authorities as a prime candidate 
for regeneration, with £446million allocated for development in this area.
KBR are currently nurturing a partnership with a number of business agents to design and 
deliver a regenerated community using an integration of housing, recreation, business and 
transport with sustainability as the core value. While this concept is at a very early phase, there 
will be ample opportunity to use and influence the design of elements of the project, as well as 
to aid the direction of the strategic response that the sustainable community development 
strives to deliver.
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4 Way Forward
This report has set out three alternative research topics within the sustainable building design 
theme. These are: -
1. the development of a generic sustainabiljty rating tool, and a framework within which it 
can operate, to act as a market differentiator so that buildings designed with 
sustainability in mind reap appropriate benefits.
2. an appraisal of the way that PFI contracts aid, or hinder, the promotion of sustainability 
in large-scale building developments, alongside the future potential and benefits of such 
schemes.
3. assessment of the costs, benefits and risks associated with adopting sustainable 
choices in the design and construction of buildings from a variety of sectors, to obtain a 
clear picture of the financial and physical conditions that promote these options.
Clearly, the next stage is to decide upon the research theme for the next three years. To this 
end, further study of options 2 and 3 up to the level of option 1 will provide a fully informed 
viewpoint from which to decide, and will form the basis of the next few months work.
Work on the potential case studies will proceed concurrently as the responsibility of delivering 
BREEAM and EcoHomes rated buildings to Project A/C is a key aspect of my work. Having 
recently undertaken the BREEAM accreditation course, a deeper understanding of the ethos 
behind the tool and the way it is applied, will provide key insight into the available and 
applicable methods that can be adopted for a future sustainability rating tool.
The case studies will also provide essential data of specification choices, and of the decision 
process from which these choices are made. Inclusion of sustainability factors, and the reaction 
by the various members of the project team, will be supported by interviews with key team 
members.
It is intended that a paper is written before the end of the year on an aspect of research so far, 
probably for submission into the Engineering Sustainability journal in the first instance. As part 
of my work, I expect to provide some presentations along this theme, and other areas to which I 
have been exposed, such as SUDS and LCA for buildings, either at KBR or as a ‘half-baked’ 
seminar at CES.
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Project Brief
Sustainable Design and Specification Cost Model
Building design and construction methods have great influence on the embodied and 
operational performance of a building. Ecological and resource impacts result from the 
embodied material input and required energy demand in the manufacture of building elements. 
Utilisation of energy, water and the creation of a comfortable living/working environment within a 
building all create an operational burden on the environment, resources, the economy and 
society itself.
The far reaching consequences of design and specification for buildings are evident when 
considering that buildings are a very large component of the fabric of society. In all climates, 
living, working and leisure activities revolve around some form of building. A building’s internal 
environment, its ‘fitness for purpose’ and its interaction with other buildings, infrastructure and 
the external environment are all controlled by the design of the building, and by the specification 
of the component parts.
By striving towards a building design that achieves optimisation of the broad issues listed 
above, we are in effect designing buildings that are sustainable in environmental, social and 
economic terms. However, in a market economy, while it is straightforward to design and 
specify a building to satisfy a ‘wish list’ of environmental and social 'issues, it is the economic 
parameters that either justify a design brief, or prevent its adoption. For a developer or private 
company to consider sustainable building principles, the design must be cost-effective and 
economically viable.
The aim of this project is to illustrate the cost-effectiveness of various building design and 
specification choices in the UK in a way that is comparable to current ‘standard’ construction 
techniques. As a baseline for comparison, a design and specification regime that meets current 
Building Regulations and Codes of Practice in the UK will be used. This baseline will be defined 
in detail as it is a key factor in achieving a realistic and achievable comparison with alternative 
sustainable choices.
The baseline comparator, termed the ‘Business-as-Usual’ (BAU) scenario, will be set against a 
number of alternative scenarios that illustrate approaches to design and specification that aim to 
achieve degrees of environmental and social improvement. The prime methods of comparison 
will be by life cycle cost, together with a measure of the sustainability benefits achieved.
The nature of this study requires a generic approach using a hypothetical building as a subject. 
For this exercise the building taken will be an accommodation unit representative of student, 
social and MOD residential buildings. The precise parameters for this; building will be set out in 
detail to co-ordinate with the definition of the BAU scenario above. At the conclusion of this 
section of the research, a discussion of the applicability of the study to other building types will 
examine the relevance of the findings to domestic, commercial and public buildings of a variety 
of types and uses.
Research will be split six into areas that represent the main factors in which building design and 
specification interact with the sustainability agenda. These areas, and the broad influence they 
can produce, can be summarised as: -
o Energy use -  electricity, heating, cooling, thermal performance and lighting,
o Water use -  mains, rain and grey water options, resource efficiency,
o Material specification -  embodied energy, natural resource productivity and impacts, 
and durability, 
o Ventilation -  active or passive, health issues.
o Building form -  internal environment, social interaction, passive designs and land use.
o Contracts -  PPP/PFI contracts versus more traditional approaches.
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Each area will use a set of scenarios that represent a number of technological and design 
approaches aimed at improving sustainability performance. As an example, the energy use 
sector will be assessed as shown in Table 1. The energy use of the case study building for the 
following alternative scenarios will be compared to the BAU scenario: -
Table 1 Energy use scenarios and main technologies applied.
Scenario Domestic Hot Water (DHW)
Space Heating 
(SH)
Electricity
(ELEC) Lighting (LIT)
Business-as- 
Usual (BAU)
gas-fired
condensing
boilers
gas-fired
condensing
boilers
grid grid
Solar (SOL) Solar Thermal
Ground Source 
Heat Pump 
(GSHP)
PV passive design
Combined Heat 
& Power (CHP) microCHP microCHP microCHP microCHP
insulated (INS)
gas-fired
condensing
boilers
condensing 
boilers with high 
spec insulation 
throughout
grid
grid with smaller 
than standard 
windows.
In constructing the various scenarios, current manufacturing and supply data will be used in 
conjunction with best practice guidance and legislation, to create an accurate and contemporary 
representation of the business case. While there are wide-ranging technological options 
available, the prime focus will be on practical and documented choices that are achieving some 
‘mainstream’ status in the building sector. This report is striving to present the cost-benefits of 
existing sustainable choices, rather than assess potential technologies that are currently not 
readily available in the marketplace.
While the economic model will be assessed using current (2004) market data and prices, a key 
factor to be included is the impact of changes to the various sectors involved. For example, a 
rise in the price of gas caused by restrictions in supply will allow renewable energy generation 
technologies that substitute gas demand, like solar thermal hot water systems, to be more cost- 
effective. Similarly, the effect of steadily increasing standards imposed by Building Regulations 
on building designs and specifications may be created to promote more sustainable choices of 
product, as will requirements to include a proportion of recycled material content for certain 
building elements. There is a potentially vast array of market changes that could influence the 
viability of many building elements and designs. The possible influence of the most significant of 
these will be included in the assessments as part of the sensitivity analysis of the cost model.
The intended output of this research is to present a comprehensive market case for a range of 
design and specification choices in the building sector, and to put those options in context with 
the greater sustainability agenda. The key addition to knowledge that this research will strive to 
achieve is the presentation of a balanced and thorough comparison of building sector decisions 
in terms of cost, and in environmental and social performance.
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1 Introduction
Building design and construction methods have great influence on the embodied and 
operational performance of a building. Ecological and resource impacts result from the 
embodied material input and required energy demand in the manufacture of building elements. 
Utilisation of energy, water and the creation of a comfortable living/working environment within a 
building all create an operational burden on the environment, resources, the economy and 
society itself.
The far reaching consequences of design and specification for buildings are evident when 
considering that buildings are a very large component of the fabric of society. In all climates, 
living, working and leisure activities revolve around some form of building. A building’s internal 
environment, its ‘fitness for purpose’ and its interaction with other buildings, infrastructure and 
the external environment are all controlled by the design of the building, and by the specification 
of the component parts.
By striving towards a building design that achieves optimisation of the broad issues listed 
above, we are in effect designing buildings that are sustainable in environmental, social and 
economic terms. However, in a market economy, while it is straightforward to design and 
specify a building to satisfy a ‘wish list’ of environmental and social issues, it is the economic 
parameters that either justify a design brief, or prevent its adoption. For a developer or private 
company to consider sustainable building principles, the design must be cost-effective and 
economically viable.
The 12 Month Report (Atkinson, 2003) posed three separate research questions as a starting 
point to defining the approach of research into this field. The research questions listed were as 
follows: -
1. Can current tools together adequately incorporate the whole sustainability agenda, and 
which areas are lacking assessment?
2. How can PFI schemes provide optimal application of the sustainability agenda for the 
built environment?
3. What are the conditions in which sustainable building choices become cost-effective, 
and what are the risks in their adoption?
After substantial research into question (1) on sustainability rating tools for buildings (see 
Atkinson, 2002 & Atkinson, 2003) it was considered that the current focus of the UK’s research 
and development in the sustainable construction field was focussed on this theme. There were 
a substantial number of tools available, or under development, that together covered most of 
the sustainability agenda as it applied to the building sector. For the purposes of this research, 
question (1) was discarded as showing the least scope for achieving the aim of addition to 
knowledge over the next 2 1/2 years.
It was considered that question (2) was a particularly current and valid theme given the impact 
of PFI schemes on the building sector today. While on the surface PFI seems ideally suited to 
promoting sustainable objectives, in reality this does not seem to be happening (Lockie, 2003 & 
Forum for the Future, 2003).
However, a large part of the picture of the building sector as it relates to social and 
environmental initiatives is defined in the building designs adopted, and the specification of the 
component elements. This in turn, is governed by the economic landscape in which the building 
sector operates. Questions (3) attempts to ascertain the optimal scenario required to make 
sustainable choices cost-effective.
The concepts defined by questions (2) and (3) operate at different stages of a development, as 
shown in Figure 1, with the potential to achieve the same overall aim. The questions have been 
further defined to present the following research questions to cover the remainder of this 
research period: -
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Is there a business case to support the selection of sustainable building design and 
specification options for the UK building sector?
What contract types best aid sustainable building design and specification choices, and how are 
the risks allocated?
Initiation
Planning
Specification
Detailed Design
Concept/Masterplanning
Contract Definition
Figure 1 Stages of a development.
The aim of this project is to explore the cost-effectiveness of various building design and 
specification choices in the UK in a way that is comparable to current ‘standard’ construction 
techniques. As a baseline for comparison, a design and specification regime that meets current 
Building Regulations and Codes of Practice in the UK will be used. This baseline will be defined 
in detail as it is a key factor in achieving a realistic and achievable comparison with alternative 
sustainable choices.
While the economic model will be assessed using current (2004) market data and prices, a key 
factor to be included is the impact of changes to the various sectors involved. For example, a 
rise in the price of gas caused by restrictions in supply will allow renewable energy generation 
technologies that substitute gas demand, like solar thermal hot water systems, to be more cost- 
effective. Similarly, the effect of steadily increasing standards imposed by Building Regulations 
on building designs and specifications may be created to promote more sustainable choices of 
product, as will requirements to include a proportion of recycled material content for certain 
building elements. There is a potentially vast array of market changes that could influence the 
viability of many building elements and designs. The possible influence of the most significant of 
these will be included in the assessments as part of the sensitivity analysis of the cost model.
The intended output of this research is to present a comprehensive market case for a range of 
design and specification choices in the building sector, and to put those options in context with 
the greater sustainability agenda. The key addition to knowledge that this research will strive to 
achieve is the presentation of a balanced and thorough comparison of building sector decisions 
in terms of cost, and in environmental and social performance.
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2 Project Brief
The research proposal is to compare on economic and sustainability grounds the various 
contractual, design and specification options that are currently available to building developers 
in the UK market. To achieve this in a comprehensive and transparent manner the prime areas 
within the sustainability agenda that are most influenced by the building sector have been 
identified, and the use of scenarios will describe different approaches to abating the impacts on 
each of those research areas.
Scenarios will be compared to a baseline comparator that is clearly defined and illustrated. Each 
scenario will be tested against the hypotheses stated in Section 1, to determine the business 
case in relation to the baseline comparator. This baseline is set to represent the current 
‘standard’ approach that merely complies with Building Regulations and Codes of Practice. As a 
design principle this is the ‘optimum economic solution that satisfies regulatory compliance and 
client requirements’. This baseline comparator, termed the ‘Business-as-Usual’ (BAU) scenario, 
will be set against a number of alternative scenarios that illustrate approaches to design and 
specification aiming to achieve degrees of environmental and social improvement. The prime 
methods of comparison will be by life cycle cost, together with a measure of the sustainability 
benefits achieved.
The nature of this study requires a generic approach using a hypothetical building as a subject. 
For this exercise the building taken will be an accommodation unit representative of student, 
social and MOD residential buildings. The precise parameters for this building will be set out in 
detail to co-ordinate with the definition of the BAU scenario above. At the conclusion of this 
section of the research, a discussion of the applicability of the study to other building types will 
examine the relevance of the findings to domestic, commercial and public buildings of a variety 
of types and uses.
Research will be split into the prime areas that represent the main factors in which building 
design and specification interact with the sustainability agenda. These six areas, and the broad 
influence they can produce, can be summarised as: -
o Energy use -  electricity, heating, cooling, thermal performance and lighting,
o Water use -  mains, rain and grey water options, resource efficiency,
o Material specification -  embodied energy, natural resource productivity and impacts, 
and durability, 
o Ventilation -  active or passive, health issues,
o Lighting -  passive designs and low-energy technologies,
o Contracts -  PPP/PFI contracts versus more traditional approaches.
The scenarios constructed within each research area will represent a number of technological 
and design approaches aimed at improving sustainability performance. In constructing the 
various scenarios, current manufacturing and supply data will be used in conjunction with best 
practice guidance and legislation, to create an accurate and contemporary representation of the 
business case. While there are wide-ranging technological options available, the prime focus 
will be on practical and documented choices that are achieving some ‘mainstream’ status in the 
building sector. The reason for this is that this report is striving to explore the holistic economic 
case for existing sustainable choices, rather than assess potential technologies that are 
currently not readily available in the marketplace.
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3 Scenario Definition
Comparison of scenarios within each study area in terms of the economic case and the 
impacts/benefits to sustainability objectives will reveal the current proximity to economic parity 
of various sustainable options. It will also illustrate the holistic effectiveness in social and 
environmental terms of adopting ‘sustainable’ choices.
Economic comparison is well understood throughout the business sector, and methods such as 
cost-benefit analysis and investment appraisal using appropriate discount rates will be 
employed over the life cycle of the building. While it is expected that the standard approach to 
building design and specification (the BAU scenario) will produce the lowest capital option, it is 
intended that this assumption is challenged, and hoped that some sustainable designs may 
offer economic alternatives.
The operational cost of various decisions is expected to generate some interesting results. By 
accounting for the full life cycle that is required of a particular function within a building, there 
are likely to be significant cost-savings through some sustainable choices. The operational cost 
case will be combined with the capital expenditure to illustrate the full business case for the 
scenarios studied.
Comparison in terms of the environmental and social impacts and benefits of the scenarios is 
more difficult to define, and will likely employ a more descriptive approach such as Sustainability 
Appraisal. The performance of options with regards to the sustainability agenda cannot be 
easily reduced to monetary terms, and so direct comparison to the economic case will be 
flawed. It is intended that appropriate indicators will be derived that can illustrate comparative 
performance of the scenarios. This will act as additional decision-making criteria to work in 
parallel with the economic case.
This dual approach to achieving a set of decision-making criteria to effectively combine cost- 
effectiveness and sustainability performance highlights the role of the Client in any project. The 
Client ultimately designs the way that a building will be appraised, and which factors are most 
important to adopt as design principles. The weighting of such factors require early definition in 
a project, so that designers can maintain a consistent approach throughout.
At the other end of the spectrum, the construction industry is under pressure from the 
Government to adopt more sustainable practices. This is highlighted in the Sustainable 
Construction Task Group publication (Oct 2003), that gives an overview of the current sector 
climate with regards to environmental and social impacts and mitigation, alongside a number of 
case studies of influential buildings that are exception rather than the rule at this stage.
The baseline building takes current Building Regulations and Planning compliance as a steady- 
state for the purposes of this comparison. However, these standards are not fixed, and can 
provide an effective tool to creating an economic background that promotes more ‘sustainable’ 
choices, as discussed by TCPA (2003).
3.1 Building Baseline
The selection of baseline building design is aimed at providing comparison for design and 
specification choices over the largest market sector using the most common building type. For 
this reason, a large accommodation unit has been chosen, as illustrated in Figure 2 and 3, of 
the type of design that may be used for both public and private sector residential developments. 
This particular design is representative of accommodation units currently being designed for 
Defence Estates, for use by soldiers.
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Figure 2 Illustration of generic baseline building design (courtesy of Scott Brownrigg 
Architects and Aspire Defence Ltd).
This type of bu ild ing, and the  s tandard  approach  to its design, is conce ived  to  p roduce  a generic  
s tandard ised  unit tha t is econom ic  and repeatab le . It is des igned  to p rov ide  h ig h -dens ity  
com m un ity  liv ing space  w h ile  inc lud ing  the  fac ilities  requ ired to m ainta in  a good s tandard  of 
liv ing. It cou ld  be app lied  to the fo llow ing  secto rs: - 
o M O D accom m oda tion  
o Local C ouncil deve loped  socia l housing
o S tudent accom m oda tion
o Public secto r accom m oda tion , i.e. fo r nurses, po lice  etc.
> (•: ■
Figure 3 Ground Floor Plan of baseline building (courtesy of Scott Brownrigg Architects 
and Aspire Defence Ltd)
W ith on ly m inor changes in the in terna l layout of the  bu ild ing, the  shell cou ld  a lso be app lied  to 
the  fo llow ing  secto rs: - 
o Low -cost o ffices 
o H ospita l w ings
o Care hom es and econom ic  res idences fo r the e lderly.
3.2 Energy
Energy use in bu ild ings is often the  firs t issue to be addressed  w hen gaug ing  the  e ffic iency  of a 
pa rticu la r design. The costs and benefits  of va rious  approaches  can be e ffe c tive ly  rep resen ted  
in econom ic  te rm s, w here  the cap ita l cost of d iffe ren t p lan t is w e ighed  aga inst the  o pe ra tiona l 
costs or sav ings over the  life of tha t p lant.
Th is  econom ic  assessm ent, w h ile  com m onp lace  and useful, can on ly be tru ly  rep resen ta tive  of 
the fu ll eco log ica l burden if the  unit price of the  fue l used inco rpo ra tes the  exte rna l cos ts  (C 0 2 
em iss ions, po llu tion , resource  im pacts etc) tha t are  crea ted . A ccoun ting  fo r these  ‘e x te rn a lit ie s ’
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is currently a subjective exercise that is open to varied agendas and opinions. A strong 
Government lead is required to enable the full ‘costs’ to be included.
There are currently instruments in place to account for some of the external costs, such as the 
Climate Change Levy (CCL), which will be included in the analysis as part of the fuel price. An 
estimation of the potential changes to the fuel price over time will be presented with the effects 
that will create on the business case for the energy scenarios listed below (Table 1).
Table 1 Energy use scenarios and main technologies applied.
Scenario Domestic Hot Water (DHW)
Space Heating 
(SH)
Electricity
(ELEC) Lighting (LIT)
Business-as- 
Usual (BAU)
gas-fired
condensing
boilers
gas-fired
condensing
boilers
grid grid
Solar (SOL) Solar Thermal
Ground Source 
Heat Pump 
(GSHP)
PV passive design
Combined Heat 
& Power (CHP) microCHP microCHP microCHP microCHP
Insulated (INS)
gas-fired
condensing
boilers
condensing 
boilers with high 
spec insulation 
throughout
grid
grid with smaller 
than standard 
windows.
A common theme that will be repeated for all areas of building design and specification, but is 
particular acute here, is the trade-off between capital costs and operational savings. The BAU 
approach will seek to minimise capital expenditure, potentially at the cost of lower efficiencies 
during the life of plant. Conversely, many efficient or ‘sustainable’ alternatives will require more 
capital investment, and seek to redeem this by generating lower running costs. The operational 
savings are tied directly to fuel prices, and to the type of fuel that is substituted or avoided.
Many of the energy alternatives require some auxiliary plant for support. For example, a solar 
thermal system to provide DHW will not produce enough hot water during the winter months to 
meet demand. To supplement this, installation of a boiler capable of independently producing 
enough hot water to meet peak demand without any solar input is required. The combination of 
main plant and auxiliary plant is taken as the whole system cost in this case, showing that the 
prime economic benefit from installing a solar thermal system is in the avoided gas purchase 
from the solar fraction over a year.
In addition to the economic criteria for comparison, the environmental and social agenda will be 
influenced by energy choices predominantly in the following areas: -
o C 02 and other GHG emissions from fossil-fuel combustion leading to climate change,
o Pollution emissions such as NOx, SOx and particulates, and from storage/containment
risks.
o Natural resource depletion, 
o Supply security and dependability, 
o Maintenance and ease-of-use of systems.
Setting up a number of Sustainability Performance Indicators (SPI) will illustrate the impact and 
significance on these issues from all the alternative scenarios tested.
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3.3 Water
In a commercially constrained building for generic application on a variety of sites it is difficult to 
achieve water-autonomy -  mains water supply will always be essential and economic unless a 
readily-available alternative water supply is present. The sustainable water usage options 
depend upon efficiency of use and levels of re-use for certain applications.
Water re-use in buildings is the first step in the chain of sustainable urban drainage systems 
(SUDS). The principles of SUDS (CIRIA C523, 2001) are to: -
o Reduce the impact of additional urbanisation on the frequency and size of floods,
o Protect and enhance river and groundwater quality,
o Are sympathetic to the needs of the local environment and community,
o Provide habitat for wildlife in urban watercourses,
o Encourage natural groundwater recharge.
Optimising water efficiency can be applied to white goods, such as washing machines and dish­
washers, and to sanitary appliances such as taps, showers and toilets. However, there are 
some limitations: -
o Tap efficiency will only be effective for running-water usage -  if an occupant requires a 
basin-full of water, then that is the amount of water that will be used. (The benefits of 
education of the public of the effects of their water demands is a key factor here, but will 
not be studied as part of this research.) This is particularly the case for baths where 
water use will depend on the size of the bath, not aerating taps, 
o Re-using rainwater and particularly greywater requires a degree of filtration and
treatment. There are also hygienic restrictions that limit re-use to effectively only toilet- 
flushing and irrigation uses. This remains a significant water efficiency measure in 
resource-use terms. There are also maintenance issues when using filters for grey 
water.
o Storage of water for re-use requires large volumes that individual houses may be unable 
to provide.
Table 2 Water supply scenarios for various applications.
Scenario Potable (POT) Appliance(APP)
Toilet Flushing 
(TOIL) Garden (GAR)
BAU mains supply mains supply mains supply mains supply
Efficiency (EFF)
mains with 
efficient 
appliances
mains with 
efficient 
appliances
mains with 
efficient 
appliances
mains supply
Rainwater
(RAIN)
mains with 
efficient 
appliances
mains with 
efficient 
appliances
rainwater with 
efficient 
appliances
rainwater
Greywater
(GREY)
mains with .
efficient
appliances
mains with 
efficient 
appliances
rainwater + grey 
water with 
efficient 
appliances
rainwater + 
greywater
Table 2 shows the scenarios to be evaluated for the water use functions within a building. The 
options will be primarily assessed on economic grounds, with the unit price of mains water 
providing the key comparison factor.
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C om parison  in te rm s of eco log ica l and socia l im pacts and benefits  w ill focus  on the fo llow ing  
areas: -
o W ate r qua lity  and percep tion  of qua lity , in te rm s of hyg iene and appearance . Th is  w ill 
include health & sa fe ty  risks, 
o F lood risk potentia l, 
o W ate r supp ly  secu rity  and dependab ility ,
o M a in tenance  and ease -o f-use .
o R esource p roduc tiv ity  of w a te r supply.
3.4 Materials
B uild ing e lem en t specifica tion  de term ines the em bod ied  energy and resources used during 
e lem en t m anu factu re  and bu ild ing construc tion , and a lso has an im pact on the long term  
perfo rm ance  of a bu ild ing . There is inevitab ly  a num ber o f trade -o ffs  be tw een  du rab ility , the rm a l 
perfo rm ance , resource  p roduc tiv ity  and renew ab le  m ateria ls , ava ilab ility , fitness-fo r-pu rpose , 
cap ita l cost and lifespan of ind iv idua l e lem ents, as show n in F igure 4.
Material performance critieria
Durability
Maintenance cost Therm al perform ance
Lifespan ( Resource productivity
Capital cost Renewable content
Fitness-for-purpose Availability
Figure 4 Representation of the trade off between performance criteria for material 
specification options
The scenarios  set out in Tab le  3 rep resen t four app roaches to  e lem en t spec ifica tion . The  
scenarios  are sum m arised  as: -
o B us iness-as-usua l -  cap ita l cost m in im isa tion  is a prim e driver.
o Techn ica l so lu tion  -  using m odern eng ineering  app roaches to m in im ise  resource  
requ irem en t and ach ieve  e ffic iency, 
o L igh tw e igh t N atura l -  using cheap  renew ab le  m ateria ls  to  reduce cap ita l expend itu re , 
but requ iring  s ign ifican t and a ttentive  m a in tenance  over sho rte r lifespans, 
o D urab le  N atura l -  m ore robust construc tion  using renew ab le  m ate ria ls  w he re  poss ib le  
but requ iring  low leve ls of m ain tenance and having a longer lifespan.
In rea lity  a pa rticu la r bu ild ing can use a com b ina tion  of these  scenarios  fo r ind iv idua l 
spec ifica tion  cho ices. H ow ever, fo r th is research  these  scena rios  w ill be taken  as de fined  
design p rinc ip les  w ith  the d iffe ren t e lem en ts  cons ide red  together.
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An important reference for this section is The Green Guide to Housing Specification (BRE, 
2002). However, greater detail will be derived from information direct from suppliers, specifiers/ 
architects and quantity surveyors.
The materials included in the scenarios will be compared on economic grounds at current 
prices, with realistic assumptions of the installation costs made using the experience gained 
from Project Allenby/Connaught on which the baseline building is sourced. Further comparison 
of the sustainability performance of products will be concerned primarily with the following 
issues: -
o Durability and maintenance.
o Fitness-for-purpose, occupant satisfaction and health & safety impacts, 
o Embodied ecological, environmental and energy impacts from manufacture and 
installation.
o Resource productivity, renewable material portion and recycled/recyclable content, 
o Potential for design for disassembly and flexibility to maximise the building longevity and 
functionality.
3.5 Lighting
The provision of adequate light within an enclosed space can be achieved by a number of 
methods that fall into two distinct groups: -
1. artificial lighting
2. daylight
Daylight is free, both in economic terms and in terms of impacts on the environment. However, it 
is also of varied quality, and generally (in the UK) of low intensity. It is also unavailable at night! 
For these reasons artificial lighting is always essential.
The options for providing artificial lighting rely upon the efficiency of the luminaire, both in terms 
of the bulb, and o'f the reflectance of the fitting in which it operates. In general, ‘traditional’ light 
bulbs, such as incandescent tungsten, are very cheap, inefficient and short-lived. The efficient 
alternatives, such as compact fluorescent, require a substantially larger capital outlay, but last 
much longer using far less power.
There are other factors to be incorporated that reflect the characteristics of different lighting 
types, such as the effectiveness of efficient lighting types to provide focussed task and accent 
lighting, and for their use as external light sources.
The main comparison lies in how much of the general lighting requirement can be provided 
during the daytime by passive design maximising daylight within a building. Solar lighting 
designs have been explored by architects for some time, and a variety of passive designs are 
shown in Steemers (1991). Task lighting is likely to always require artificial lighting because of 
the intensity required. Accent lighting can be thought of as more of a luxury which may, or may 
not, be a necessary design consideration. However, over a building lifespan it can be expected 
that additional accent lighting will be installed if the provision is not there at the start.
Another factor to include is the installation of automatic switching to prevent energy wastage 
from unnecessary light use. Such switching relies on sensors of either daylight or motion, or on 
timers, so that a light is not used any longer than is required.
Table 4 Lighting option scenarios for various functions
Scenario General Task Accent External Auto­switching
BAU incandescenttungsten
incandescent
tungsten
low-voltage
halogen halogen X
Efficient
(EFF) fluorescent
compact
fluorescent
minimal
compact
fluorescent
compact
fluorescent V
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Passive
(PASS)
solar with 
minimal 
fluorescent
compact
fluorescent solar
minimal
compact
fluorescent
X
The focus of the lighting assessment will be on the economic comparison over the building 
lifespan. A useful case study demonstrating substantial savings from installing energy-efficient 
lighting in an industrial building is described in Case Study 309 (EEBPP, 1995). Cost savings 
are, however, heavily reliant upon current energy prices.
This economic approach presumes that the energy used can be representative of the 
environmental impacts from the various options by putting a monetary value on climate change 
and pollution impacts, which may, or may not, be an accurate representation. Of course, if the 
electrical energy used comes from renewable sources then this is not an issue.
3.6 Ventilation
Adequate and effective ventilation has a great influence on occupant satisfaction with a building. 
While the prime requirement is to provide a continuous input of fresh air from outside the 
building, it is also closely linked to the heating and cooling required for different seasons. 
Ventilation, heating and cooling together create the internal environment of a building.
The key objectives of optimising ventilation in buildings are: -
o To ensure a healthy and comfortable internal environment for occupants, 
o To be controllable to account for changing loads and requirements due to seasonal 
variations and specific demands within parts of the building, 
o To minimise the energy input required to operate the system,
o To minimise heat losses from the building during heating months.
Designs for ventilation systems can be grouped under two distinct headings: mechanical 
ventilation that uses fans to drive or draw air through a building, and passive ventilation which 
allows thermodynamics and the outside environment to form air movements from the base of a 
building to the roof. Combinations of these systems are commonly found in a single building.
To prevent heat escaping the building with the stale air exhaust, heat recovery systems can be 
integrated so that incoming fresh air is warmed by the outgoing stale air. The effectiveness of 
such systems will be included as part of the assessment. Air-conditioning systems, primarily an 
air cooling appliance, will not be studied as, in the UK, this has limited application in residential 
buildings.
Ventilation enhancement in specific areas can be provided using fan-driven extract ventilation 
for bathroom and kitchen areas. The efficiency of these common additions, together with their 
automatic switching options, will be considered as part of the BAU scenario. The impact of their 
omission on occupant satisfaction will be accounted for in other scenarios.
Table 5 Ventilation design scenarios
Scenario RapidVentilation
Background
Ventilation
Extract
Ventilation
Heat
Recovery
BAU Mechanical
uncontrolled 
infiltration from air 
permeability (Part 
F compliant)
bathroom extract 
fans X
Whole-building 
heat recovery 
(WHR)
Whole-building
mechanical
trickle vents in 
windows -
Passive Stack 
(PASS)
openable
windows
passive stack 
using trickle vents 
in windows
- X
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Heat Recovery 
Room openable heat recovery high-setting of
Ventilators windows room ventilators room ventilators
(HRV)
All ventilation systems used in this comparison will be compliant to Building Regulations Part F1 
(Ventilation), the focus of which is on the health and maintenance implications of ventilation 
design. Key references for the assessment of the performance of various ventilation designs 
and approaches include GPG 268 and Perera & Parkins (CIBSE, 1992). Ventilation systems 
designed to the CIBSE Applications Manual AM10:1997 promote the use of natural air 
movements around and through a building to minimise operation costs and energy demand. 
The incorporation of case studies, such as Lawrence (2003), will prove valuable sources of 
contemporary data.
Also, advances in technologies that combine thermal mass and cooling/ventilation systems, 
such as Termodeck (www.termodeck.co.ukL and the CoolDeck system described by Barnard 
(2003) will be examined as these are established design concepts with low uptake at present.
In addition to an economic assessment, which will account for capital and operational costs and 
indirectly energy usage, other issues will be assessed to derive the overall performance of 
various ventilation approaches. These issues will include: - 
o Security and consistency of fresh air supply.
o Health & wellbeing issues such as avoidance of Legionellosis risks, sick-building 
syndrome etc. 
o Maintenance costs and accessibility.
o Controllability on a whole-building and local scale, by BMS or occupants, 
o Lifecycle replacement of plant.
3.7 Contracts
The type of contract that is entered into in order that a building or development is constructed to 
the required standard has far reaching consequences on the capital outlay, the operational 
performance, the build quality and the environmental and social interactions of a building. 
Definition of which organisation is responsible for what, and at what stage of development 
and/or operation is critical in terms of allocating incentives to achieve benchmarks or penalties 
for non-compliance.
Traditional design and build contracts leave vbry little onus on the design and construction 
companies to achieve good operational performance beyond that required by Building 
Regulations. Indeed, a client or developer that sells on a property will have little responsibility for 
a building’s durability and long-term performance.
Recent evolution of contracts to incorporate design, build, finance and operation aspects have 
dramatically changed the client-contractor relationship. Facilities Management now becomes a 
key issue over a substantial period. The Project Allenby/Connaught PFI scheme runs for 35 
years, plus a further 15 years where the contractor remains liable for major faults. Building 
durability and economical operation are now vital to the profitability of the scheme. On the 
surface, it appears that contracts such as PFI are a large step towards encouraging 
sustainability objectives in buildings to be achieved.
A detailed description of the workings of PFI schemes is given in Allen (2001) and HM Treasury 
(2003) focussing on the value-for-money and productivity that is achieved over the project 
period, sometimes as much as 35 years. The allocation of the risk element within the contract is 
the key feature of PFI, and this can have both positive and negative effects on the adoption and 
promotion of sustainability principles. This is described in Lockie (2003), and by the researchers 
own experience in Project Allenby/Connaught.
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The shortfall in environmental terms that has been seen in some PFI schemes has been 
addressed by the ODPM publication Green Public Private Partnerships (2002). This report 
encourages the adoption of a long view to match the project length, careful procurement 
choices to ensure durability and the use of whole-life accounting methods to set up the business 
case for the project overall and for its component parts.
This section of research will investigate whether PPP schemes such as PFI actually provide the 
required impetus to initiate more sustainable building design and specification choices. The 
comparator is the economic case of different contract types. This will be supplemented by 
analysis of the other effects that a particular contractual arrangement can have. These issues 
will include: -
o Actual effects on plant specification and utilities efficiency for the duration,
o Responsibilities for ecological and other environmental burdens,
o Social and occupant impacts.
The economic case from the perspective of the different parties involved in a development is 
discussed by Mitchell Swann (2003), illustrating the risk burden on each party and the effects of 
the market situation over the duration of the contract. This will be supplemented by case studies 
will be examined to determine the various effects of subtly different contractual approaches. 
Examples include Swindon Hospital by Carillion (M4I: Rethinking Construction, 2000), and 
Project Allenby/Connaught.
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4 Research Strategy
The programme of research is partially governed by the researcher’s exposure to the various 
aspects detailed above in connection with Project Allenby/Connaught as the prime source of 
data and information.
4.1 2 Year Dissertation
To date, the focus of research has been on energy and water management. This has occurred 
from submitting reports to the authority on elements of renewable and green energy solutions, 
alongside rainwater harvesting schemes on a number of buildings as part of the development. 
Additional insight has been gained by applying EcoHomes and BREEAM assessment standards 
to new and refurbished buildings as a contractual requirement. This has been enhanced by 
becoming a licensed BREEAM assessor after a course at BRE.
Building element specification for certain elements has also been researched in some detail, 
and will continue to form a major part of the research beyond the 2 year stage. Project 
Allenby/Connaught is currently at the specification stage for the first buildings, so there is 
opportunity to learn, understand and influence design decisions.
In line with the current focus, the 2 Year Dissertation will reflect these areas in particular, with 
supplementary scope definition for those areas to be studied in more detail after this stage. In 
summary, the 2 Year Dissertation will focus on the following areas: - 
o energy use scenarios 
o water use scenarios 
o material specification options.
4.2 Final Thesis
The project brief for the full 4-year research programme has been set out in Section 2 above. 
The Final Thesis will bring together the diverse aspects listed in this report to provide a 
comprehensive and integrated assessment of current building choices in economic, 
environmental and social terms. The Thesis will follow the scenario approach set out above to 
its conclusion for each of the main issues listed.
In summary, the Final Thesis will set out the results of the comparison of scenarios, in 
economic, environmental and social terms, of current options of building design and 
specification. The scenarios have been created to explore choices currently available that affect 
the following criteria: -
o Energy generation and usage,
o Water use, re-use and disposal,
o Material and building element specification, 
o Ventilation options and effectiveness, 
o Lighting design.
o Contract options and their benefits, or otherwise, to sustainability.
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Research Direction
T h is  d o c u m e n t is a b rie f d e s c r ip t io n  o f th e  d ire c tio n  o f re s e a rc h  and  th e  o v e ra ll o b je c tiv e s  to  be  
a c h ie v e d  fo r  d u ra tio n  o f th e  E ngD  re s e a rc h  p ro g ra m m e .
Introduction
A p p lic a tio n  o f th e  p r in c ip le s  o f s u s ta in a b le  d e v e lo p m e n t to  th e  b u ild in g  s e c to r  is b e c o m in g  a 
p o lit ic a l a nd  te c h n o lo g ic a l c h a lle n g e  o f o u r tim e . T h e  e c o lo g ic a l and  so c ia l im p a c ts  of 
co n s tru c tio n  a re  s u b s ta n tia l, b u t a re  d w a rfe d  by  th e  b u rd e n s  p la ce d  on , and  th e  p o te n tia l b e n e fits  
to , th e  e n v iro n m e n t a nd  th e  c o m m u n ity  d u rin g  th e  o p e ra tio n a l life  o f a b u ild in g .
T h e  c u rre n t a p p ro a c h  to  in c o rp o ra tin g  s u s ta in a b le  p r in c ip le s  in to  a s p e c ts  o f b u ild in g  d e s ig n  a nd  
o p e ra tio n  re lie s  h e a v ily  u p o n  th e  v a g a rie s  o f th e  m a rke t. A tte m p tin g  to  f it s u s ta in a b le  
d e v e lo p m e n t in to  th e  c u rre n t m a rk e t la n d s c a p e  is p ro v in g  an u n c o m fo r ta b le  a n d  a w k w a rd  ta s k  in 
w h ic h  th e  c o s t w e ig h tin g  o f th e  m a rk e t a lw a y s  ta k e s  p re c e d e n c e . O n  th e  a s s u m p tio n  th a t 
a ch ie v in g  s u s ta in a b ility  in all s o c ie ty ’s a c tiv it ie s  is as im p o rta n t as  w e  a re  lead  to  b e lie v e , th e n  
sh o u ld  th e  m a rk e t be a d a p te d  to  su it s u s ta in a b le  d e v e lo p m e n t?  H o w  w o u ld  th is  n e w  m a rk e t 
la n d s c a p e  a p p e a r?  H o w  w o u ld  it o p e ra te ?
The Energy Market
T h e  e n e rg y  m a rk e t o p e ra te s  w ith in  a se t o f c o n d it io n s  and  p a ra m e te rs  c o n tro lle d  by g o v e rn m e n t. 
F igu re  1 s h o w s  h o w  th e  p o lit ic a l a n d  re g u la to ry  fra m e w o rk  w ith in  w h ic h  th e  m a rk e t e x is ts  is p a rtly  
d e te rm in e d  by  th e  p re s s u re s  o f s o c ie ty  a n d  th e  p ro te c tio n  o f th e  e n v iro n m e n t. H o w e v e r, th e  
in te rp la y  b e tw e e n  s o c ie ty , e n v iro n m e n ta l im p a c ts  and  th e  e n e rg y  m a rk e t fra m e w o rk  is fa r  fro m  
s tra ig h tfo rw a rd .
S o c ie ty
Connection to 
Network
Building
Market of Generators & Suppliers
Figure 1 Susta inability  and the energy market
A la rge  p ro p o rtio n  o f th e  o p e ra tio n a l fo o tp r in t o f a b u ild in g  is fro m  e n e rg y . Ig n o rin g  re la te d  
tra n s p o r t fa c to rs , b u ild in g s  to d a y  g e n e ra lly  use  tw o  fo rm s  o f e n e rg y : e le c tr ic ity  a n d  n a tu ra l g as .
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T h e  e n e rg y  m a rk e t, and  th e  te c h n o lo g ie s , in w h ic h  th e s e  fu e ls  a re  d is s e m in a te d  a c ro s s  th e  
n e tw o rk  is in flu e n c e d  by a ra n g e  o f fa c to rs . T h e s e  fa c to rs  a re  lis te d  b e lo w  in F ig u re  2.
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Figure 2 Factors influencing the procurem ent decision-m aking process fo r bu ild ing
specification in the energy market.
T h e s e  fa c to rs  in flu e n c e  th e  d e c is io n -m a k in g  p ro c e s s  in d iffe re n t w a ys , and  a t d if fe re n t le ve ls : 
F rom  th e  c h o ic e  o f te c h n o lo g y , to  th e  in c lu s io n  o f K e y  P e rfo rm a n c e  In d ic a to rs  (K P Is ) fo r  e n e rg y  
u sa g e  lin ke d  to  p e n a ltie s , G o v e rn m e n t and  loca l a u th o r ity  re s tr ic t io n s  a nd  th e  c o s ts  o f b o rro w in g  
fo r  th e  ca p ita l in v e s tm e n t.
Research Focus
T h e  fo c u s  o f th is  re s e a rc h  w ill be  to d e te rm in e  th e  n a tu re  o f th e  in te ra c tio n  b e tw e e n  th e  fa c to rs  in 
th e  e n e rg y  m a rk e t as  it a p p lie s  to  b u ild in g  d e s ig n  and  o p e ra tio n . F rom  th is  s ta n d p o in t, a w a y  
fo rw a rd  w ill be  p ro p o s e d  th a t a im s  to  a c h ie v e  a g re a te r  in c lu s io n  and  a d o p tio n  o f s u s ta in a b ility  
p rin c ip le s  th ro u g h o u t b u ild in g  p ro c u re m e n t and  m a n a g e m e n t.
T h e  o v e r-a rc h in g  re s e a rc h  h y p o th e s is  w ill be : -
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption of the principles of sustainable development, what form would this landscape take, 
and how would it operate?
T h e  f irs t s ta g e  o f th is  re s e a rc h  w ill be  to a s c e rta in  th e  n a tu re  o f th e  e x is tin g  e n e rg y  m a rk e t as  it 
re la te s  to  th e  b u ilt e n v iro n m e n t. T h is  w ill h ig h lig h t a re a s  in w h ich  s u s ta in a b ility  ca n  be
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incorporated, and the various influences, benefits and impacts this will have. The aim will be to 
derive the form of an energy market landscape that satisfies the most sustainability objectives.
The adoption of more sustainable energy technologies, efficiency measures and management 
principles will require a change in a number of the factors listed above. These factors can be 
summarised under the following headings:-
1. Practicality -  technological and management solutions at a building level.
2. Acceptability -  interactions between the technology and the energy network connection, 
and acceptance by the building users and other stakeholders.
3. Viability -  determination of the cost-benefit balance allowing for capital and life cycle 
costs, the cost of borrowing, and the threat of penalties.
4. Setting -  initiatives, legislation and constraints from European, national and local 
authorities encompassing the social and environmental factors that are not catered for in 
the market place, and potentially looking further into the future than the market place 
might.
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Research Proposal
Introduction
Application of the principles of sustainable development to the building sector is becoming a 
political and technological challenge of our time. The ecological and social impacts of 
construction are substantial, but are dwarfed by the burdens placed on, and the potential benefits 
to, the environment and the community during the operational life of a building.
The current approach to incorporating sustainable principles into aspects of building design and 
operation relies heavily upon the vagaries of the market. Attempting to fit sustainable 
development into the current market landscape is proving an uncomfortable and awkward task in 
which the monetary bias of the market always takes precedence. On the assumption that 
achieving sustainability in all society’s activities is as important as we are lead to believe, then 
should the market be adapted to suit sustainable development? How would this new market 
landscape appear? How would it operate?
Research Question
The idea of a market tailored to satisfy sustainability objectives as a prime objective represents a 
paradigm shift away from the traditional mechanics of financial-driven systems. It is proposed for 
this research to focus on the energy market in the UK, and apply it to the built environment.
The impacts to society and the environment from energy generation and usage are substantial. 
Emissions of C 0 2 from electricity generation and fossil-fuel combustion are creating climate 
change. In the UK the 1990’s were the warmest decade since records began1 illustrating a local 
pre-cursor to the potentially devastating effects that this phenomenon will have across the planet 
if left unchecked. As a result of a report from the Royal Commission on Environmental Pollution2 
the government has set out a strategy to reduce C 0 2 emissions 60% by 20501.
Air pollution is also impacted by the burning of fossil fuels: the release of NOx and SOx, together 
with particulates in the air we breathe, damage human health and ecosystems. Compound this 
with the more direct and visual pollution events that occur at sea and on land from spillages and 
geological contamination, and the use of fossil-fuels is clearly a risk to be minimised and 
managed well.
The built environment, incorporating domestic, public and commercial buildings and their 
interaction with the occupants and their environs, represents the physical core of modern society. 
By far the greatest majority of our time is spent in or around buildings -  work, leisure, home life, 
holidays etc. The energy that occupants demand, whether knowingly or inadvertently, while in 
buildings makes large demands of the supply network and resources. Domestic energy demand 
accounted for 30% of total UK energy consumption in 20013. A further 13% is accounted for by 
the Service sector, which incorporates commercial and public establishments. The 43% of UK 
total energy consumption in both these sectors can be predominantly attributed to buildings. It is 
clear, therefore, that focussing on the energy market as it applies to the built environment is a 
current and critical challenge.
1 DTI, Energy White Paper: Our energy future -  creating a low carbon economy (Feb 2003).
2 RCEP, 22 Report: Energy -  the changing climate (2000).
3 DTI, Energy -  its impact on the environment and society (July 2002).
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T h e  re s e a rc h  q u e s tio n  has  s p u rre d  fro m  an o v e r-a rc h in g  d e m a n d  to  fin d  w a y s  o f d e liv e r in g  
su s ta in a b le  d e v e lo p m e n t w ith in  a m a rk e t la n d s c a p e . It is c le a r th a t s o c ie ty  re q u ire s  s o m e  fo rm  of 
e c o n o m y , and  fo r  a  c o n s is te n t e c o n o m y  to  be c re a te d  it m u s t w o rk  w ith in  a s e t o f ru les  -  a 
m a rk e t. T h e  f irs t q u e s tio n  is:
How can sustainable development be delivered in a market landscape?
T h is  le a d s  to  an a s s e s s m e n t o f bo th  th e  re q u ire m e n ts  o f s u s ta in a b le  d e v e lo p m e n t, a nd  the  
na tu re  and  lim ita tio n s  o f th e  m e c h a n ic s  o f th e  c u rre n t m a rk e t s ys te m . T o  ta c k le  th is  w ith o u t 
b ro a d e n in g  th e  re s e a rc h  b e y o n d  th e  p o s s ib le  sc o p e  o f th is  E ngD , and  to b e s t u tilise  th e  sk ills  o f 
th e  re s e a rc h e r, it is p ro p o s e d  to  fo c u s  th e s e  a s s e s s m e n ts  on th e  e n e rg y  m a rk e t as  it a p p lie s  to  
th e  b u ilt e n v iro n m e n t. T h is  le a d s  to  a d e v e lo p m e n t of th e  q u e s tio n  to  a sk :
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption of the principles of sustainable development, what form this landscape take, and
how would the market operate?
T h is  is a fu n d a m e n ta l q u e s tio n  th a t a tte m p ts  to  v is u a lis e  th e  fin a l g o a l o f an e n e rg y  m a rk e t th a t 
o p e ra te s  to  th e  b e n e fit o f th e  e n v iro n m e n t and  s o c ie ty , ra th e r th a n  s o le ly  s a tis fy in g  th e  e c o n o m ic  
g o a ls  o f m in im is in g  m o n e ta ry  c o s ts  and  m a x im is in g  m o n e ta ry  p ro fits .
The Energy Market
T h e  U K  e n e rg y  m a rk e t o p e ra te s  w ith in  a se t o f c o n d it io n s  a n d  p a ra m e te rs  c o n tro lle d  by 
g o v e rn m e n t. T h is  fo rm s  a  p o lit ic a l a nd  re g u la to ry  fra m e w o rk , sh o w n  in F igu re  1, w ith in  w h ic h  th e  
m a rk e t e x is ts , w h ich  is p a rt ly  d e te rm in e d  by  th e  p re s s u re s  o f s o c ie ty  a nd  p ro te c tio n  o f th e  
e n v iro n m e n t. T h e  in te rp la y  b e tw e e n  s o c ie ty , e n v iro n m e n ta l im p a c ts  and  th e  e n e rg y  m a rk e t 
fra m e w o rk  is fa r  from  s tra ig h tfo rw a rd .
Market of Generators & Suppliers
S o c ie ty
E n v iro n m e n t
Connection to 
Network
Building
E c o n o m y
Figure 1 Susta inability  and the energy market
T h e  e n e rg y  m a rk e t is m a d e  up o f g e n e ra to rs , tra n s m is s io n  and  d is tr ib u tio n  n e tw o rk  o p e ra to rs , 
s u p p lie rs  and  c o n s u m e rs . H o w e v e r, d u e  to  p a rts  o f th is  sys te m  b e in g  in h e re n tly  m o n o p o lis t ic  (i.e. 
tra n s m is s io n  and  d is tr ib u tio n  n e tw o rk s ) th e s e  s e g m e n ts  a re  s u b je c t to  g o v e rn m e n t c o n tro ls . T h e
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remainder of the generation and supply system is open to competition, and is at the mercy of 
market forces.
The current market form was created when, in May 19984, the gas supply competitive market 
transition was completed, to be followed a year later by the electricity sector. The purpose of 
opening up the energy sector to market forces was to reduce prices to consumers, and to use 
private investment to rationalise and sustain the electricity and gas supply sectors.
The market is regulated on behalf of the government by Ofgem to ‘promote choice and value for 
all customers’5. It comprises a dual role ensuring generation meets demand, including enabling 
the incorporation of renewable energy contribution via the Renewables Obligation Certificate 
(ROC) scheme, and ensuring that energy prices are reasonable and competitive through 
regulation of supply companies. Price controls are also set for network operators through the use 
of TUoS and BUoS charges for electricity.
In order to investigate the current form of the energy market as it applies to buildings the question 
to be investigated will be:
What are the key influences o f the current political and regulatory framework affecting sustainable
energy decisions in buildings?
This will uncover the weight of social and environmental issues carried through to market 
governance, as compared to economic and corporate factors. Building Regulations and a number 
of regulatory and legislative measures reflect current environmental and social priorities. 
Incorporating sustainable principles will reflect upon the adoption of the UK Sustainable 
Development objectives6 in asking:
How do the principles o f sustainability apply to the building sector energy market?
Given that technologies in energy generation and usage are a rapidly developing field, and the 
market can be influenced by fluctuations in supply and price, an element of ‘future proofing’ is an 
important factor to be considered in any plant and supply decisions for building designers.
How can energy decisions for buildings be ‘future proofed’ to take account of developing 
technologies and changing supplies and prices?
This question may prove beyond the core of the research proposed, however it will prove a 
repeating question when assessing the viability of technologies designed to potentially outlast the 
availability of their fuel.
Sustainable Energy Solutions for Buildings
The energy market, and the technologies, in which these fuels are disseminated across the 
network are influenced by a range of factors. For energy procurement choices in the built 
environment these factors, shown in Figure 2, all influence building design and operation 
decisions in different ways.
4 DTI, Energy Directorate, EPTAC: Energy Services in the UK Domestic Sector: Barriers to 
development and recommended action plan (Dec 2000).
5 www.ofaem.aov.uk
6 UK Govt: A better quality of life - a strategy for sustainable development for the UK (May 1999)
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F rom  th e  f irs t s ta g e  o f th is  re s e a rc h  d e ta ile d  a b o v e  th a t w ill a s c e rta in  th e  n a tu re  o f th e  e x is tin g  
e n e rg y  m a rk e t as it re la te s  to  th e  b u ilt e n v iro n m e n t, a n u m b e r o f a re a s  w ill be  h ig h lig h te d  w h e re  
c h a n g e s  in th e  m a rk e t la n d s c a p e  m a y  a llo w  a c tiv it ie s  and  d e c is io n s  to  be u n d e r ta k e n  w ith  a m o re  
s u s ta in a b le  e m p h a s is  to  a c h ie v e  th e  b e n e fits  a nd  m in im is e  th e  im p a c ts  of e n e rg y  s u p p ly  and  
d e m a n d . T h e  a im  w ill be  to  d e riv e  th e  fo rm  of an e n e rg y  m a rk e t la n d s c a p e  th a t s a tis f ie s  th e  m o s t 
s u s ta in a b ility  o b je c tiv e s . T h is  w ill a n s w e r th e  q u e s tio n :
What are the factors influencing the design, procurement and operation of energy plant in
buildings ?
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Local initiatives
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restrictions/ 
discount rate
Risk
Financial 
Mechanical 
Perceived risk 
Future proofing
Client
Public/Private 
'Fitness for 
purpose 
Govt, in itiatives 
Aesthetics 
PR
Opex
Maintenance 
Fuel (+CCL) 
Replacement 
/ lifecycle
Figure 2 Factors influencing the procurem ent decision-m aking process fo r build ing 
specification of energy plant and e ffic iency materials.
F igu re  2 lis ts  th e  is s u e s  th a t fo rm  th e  d e c is io n -m a k in g  p ro c e s s  fo r  b u ild in g  d e s ig n e rs . T h e  
a d o p tio n  o f m o re  s u s ta in a b le  e n e rg y  te c h n o lo g ie s , e ff ic ie n c y  m e a s u re s  and  m a n a g e m e n t 
p ra c tic e s  re q u ire s  a c h a n g e  in a n u m b e r o f th e s e  fa c to rs , w h ic h  c a n  be  s u m m a r is e d  u n d e r th e  
fo llo w in g  h e a d in g s : -
1 . Practicality -  te c h n o lo g ic a l a nd  m a n a g e m e n t s o lu tio n s  a t a b u ild in g  leve l.
2. Acceptab ility  -  in te ra c tio n s  b e tw e e n  th e  te c h n o lo g y  a n d  th e  e n e rg y  n e tw o rk  c o n n e c tio n , 
and  a c c e p ta n c e  b y  th e  b u ild in g  u se rs  and  o th e r s ta k e h o ld e rs .
3. Viability -  d e te rm in a tio n  o f th e  c o s t-b e n e fit b a la n c e  a llo w in g  fo r  ca p ita l and  life  c y c le  
co s ts , th e  c o s t o f b o rro w in g , and  th e  th re a t of p e n a ltie s .
4. Setting -  in it ia tiv e s , le g is la tio n  a nd  c o n s tra in ts  fro m  E u ro p e a n , n a tio n a l a nd  loca l 
a u th o r it ie s  e n c o m p a s s in g  th e  so c ia l and  e n v iro n m e n ta l fa c to rs  th a t a re  n o t c a te re d  fo r  in
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the market place, and potentially looking further into the future than the market place 
might.
These factors influence the decision-making process in different ways, and at different levels. 
From the choice of technology, to the inclusion of Key Performance Indicators (KPIs) for energy 
usage linked to penalties, Government and local authority restrictions and the costs of borrowing 
for the capital investment. This generates a set of research questions that search deeper into the 
reasons for, and against, adopting sustainable energy solutions.
Practicality
What are the practical and physical obstacles to adopting sustainable energy solutions in building
design?
This will require a building level analysis of the technological, managerial and ‘fitness for purpose’ 
options facing building designers. On the technology side, issues such as energy efficiency 
versus renewable generation, and embedded micro-generation versus macro-scale renewable 
generation for electricity supplies will need to be addressed. Also studied will be other issues 
such as the trade-off between using efficient natural gas for space heating as opposed to electric- 
powered heating from renewable sources.
Management measures to be studied include active metering and scheduled monitoring, 
installation of a building management system (BMS), and the use of benchmarks, targets and 
contract-endorsed penalties for poor performance of buildings.
The question of practicality will include an assessment of the ‘fitness for purpose’ of the possible 
technological solutions. Allowing for factors like intermittent supply from renewables, the problem 
of energy storage and the ease of installation and operation for a range of technological solutions 
represent key decision criteria particularly for longer duration PPP/PFI contracts.
Acceptability
What are the factors affecting the acceptability of sustainable energy solutions in buildings?
There are two levels of acceptability that need to be considered for this research:
1. Physical acceptability from the connection of energy solutions to the energy networks -  
both gas and electricity.
2. Stakeholder acceptability in terms of aesthetics, planning, fitness for purpose, operation 
and maintenance.
Physical acceptability will look at the various metering options for electricity, such as net metering 
for surplus embedded generation, interactions with energy service companies (ESCOs) and utility 
suppliers, issues of ownership and responsibility, and the mitigation of intermittent supply from 
embedded generators through the availability of ‘back-up’ reliable generation.
Stakeholders can range from investors and occupants to local authority and the surrounding 
community. A building’s appearance, operation, and the impacts on the local surroundings can be 
affected by certain technology options for energy provision. In the case of wind power, community 
resistance represents a substantial barrier in many situations. Other technologies can potentially 
suffer similar problems from a number of directions.
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Viability
How can the life cycle benefits from sustainable energy solutions be used to offset the capital 
investment, and can external costs be included in the financial assessment?
Any energy market landscape will inevitably rely upon the financial performance of the solutions 
considered by building designers. Current metrics are weighed heavily towards the capital 
investment required, and the costs of enabling that investment to take place. Sustainable energy 
options generally require substantial capital investment for a number of reasons -  not least the 
current small market share. Realising the life cycle benefits from renewable and efficiency 
technologies by enabling a longer-term view of the investment-return equation, and by including 
elements of the external costs, may provide a greater impetus towards sustainable solutions.
This section of research will look at the components of Capex (capital expenditure), which can be 
summarised as:
• Plant cost
• Installation cost
• Connection charges
• Cost of borrowing and the discount rate
Capex can be offset by the operational costs and savings that are made when comparing 
sustainable methods of energy supply and use with more traditional methods. Maintenance and 
replacement need to be considered over a suitable life span which will incorporate assessment of 
the reliability and durability of plant.
The ‘avoided’ costs from substituting fossil-fuels with more benign alternatives, including the 
avoided levies and taxes that are imposed, should add weight to the sustainable solution. 
However, a discussion is required about the effectiveness of existing government measures that 
attempt to include an element of external costs into the market place.
The contracts under which projects are defined can have a significant bearing on the energy 
choices and risk decisions that are entailed. The boundaries of responsibility and ownership of 
plant and systems over their life span, combined with performance benchmarks and penalties (as 
can be found in PFI contracts) for the facilities management of buildings and projects7. PFI and 
PPP contracts have been used for public projects since they were announced in 19928 to enable 
the private sector to invest in, and take on some of the risks from, public sector developments. 
The key benefits to sustainability are the length of the contract enabling long-term strategic 
energy decisions to be made9, and the way they use the marketplace to engage with developers 
and suppliers, creating a market lead for private development projects. However, the 
effectiveness of this approach towards sustainable solutions has been questioned10, and will be 
further investigated as part of this research. .
Setting
What is the political and regulatory framework in which building energy supply and demand is 
managed, and how can this be altered to achieve a greater uptake o f sustainable options?
7 HM Treasury: PFI -  meeting the investment challenge (July 2003)
8 House of Commons Library: The Private Finance Initiative (Dec 2001), Research Paper 01/117.
9 Institute of Civil Engineers: Society, sustainability and civil engineering -  a strategy and action 
plan, 2002-3 (2002). ICE, ACE, CECA, CIRIA, CPA.
10 Lockie, S (March 2003): Private finance initiative: the lost green ticket? Engineering 
Sustainability 156 (pp11-12), Proceedings of the Institute of Civil Engineers.
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The political and regulatory framework is the key to encouraging changes to procurement and 
operation practices in buildings. However, there is always a trade-off between letting the market 
achieve a competitive environment, and controlling decisions to the degree that choice is 
restricted and costs escalate.
Regulation and legislation to which building designs and operation must comply come from a 
number of sources. EU Directives, UK government initiatives and Local Authority policies all 
influence design decisions. Through the Planning system, a local authority has a number of 
opportunities to encourage or prevent certain designs, particularly involving potential visual 
intrusion for neighbours and environmental protection of local ecosystems. Each Local Authority 
has targets and policies developed from UK Government policy, which in turn is at least partly 
developed from EU-wide initiatives.
Governments must take into account all the issues that are not incorporated into the market 
directly. Environmental and social pressures are the main driver behind legislation and regulation 
changes with regard to buildings. Additionally, elements of ‘future proofing’ to ensure supply 
security over the longterm are required so that corporate decsions can be guided to best enable a 
smooth transition to future technologies and infrastructure.
Changing a market landscape will start with the political and regulatory framework in which that 
market operates. The correct balance will allow the market to find the most cost-effective way to 
adapt to the changing pressures from sustainability.
Methods and Tools 
Building-Specific Evaluation
There are a number of existing methods for assessing the energy solution adopted for a particular 
building design with respect to environmental performance and impacts. The main environmental 
criteria for consideration are:
• C 0 2 emissions
• NOx, SOx and particulate emissions
• Total energy requirement for a building, or for particular uses within a building
• Plant efficiency
• Energy metering and monitoring.
These issues are covered in assessment methods such as BREEAM for Offices11 and 
EcoHomes12 and focus on the main areas of energy usage in buildings -  space heating and 
thermal performance of the building envelope, lighting and the use of daylight, ventilation and 
heat recovery. Energy performance of a building envelope can be analysed using the Standard 
Assessment Procedure (SAP) which looks at materials, glazing ratio and space heating plant 
efficiencies.
As a BREEAM assessor, it is considered that the researcher will have a valid insight to the 
relevance and effectiveness of this tool in enabling more sustainale energy solutions in building 
designs. This has been discussed in the 1st Six Month Report13 and will be developed further 
during application to a range of building types and developments.
11 BRE: BREEAM for Offices -  assessor training course (Sept 2003).
12 BRE: EcoHomes -  the environmental rating tool for homes (2000), BRE Report 389.
13 Atkinson, J (April 2003): Sustainable Building Services by Design - First Six Month Report. 
University of Surrey and KBR.
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Regulation and Legislation Review
The current regulatory landscape affecting energy in buildings will be reviewed using desk-study 
techniques to achieve a thorough view across the sector. Sensitivity analyses will then be applied 
to these existing measures to ascertain the effects of potential changes and adjustments to the 
current basket of measures. This will inform whether the current framework is able to create the 
necessary step change to sustainable energy procurement and design as standard, or whether a 
change in the basic regulatory framework is required.
In addition, a review of the forthcoming EU Directive on the energy performance of buildings14, 
and the UK steps that are to be taken to incorporate this methodology into UK law for 
benchmarking the energy performance for a range of non-domestic buildings. This directive is 
due to be effective in 2006, and the SAP assessment method is already undergoing alterations to 
act as the UK principle energy measurement tool.
Econom ic Assessm ent
There are a number of investment appraisal techniques available to compare options for capital 
and operational balance. The nature of sustainability means that a long-term view is taken 
requiring a ‘whole life cost’ approach. The operational and maintenance costs are a key factor, as 
is the appropriate discount rate that dictates the cost of borrowing over the long term.
A view of the future of the energy market will be developed using forecast scenarios from existing 
literature. Resource scarcity, regional instability and changing fuels will all have an effect over the 
medium to long term. Clearly, as fossil-fuel prices increase, the more viable non-fossil fuel 
technologies will appear. In terms of supply security in the future, this may prove a profound 
driver for market guidance in the medium term.
External factors and costs
Inclusion of ‘externalities’ such as the cost of environmental damage and social upheaval is 
inherently difficult to reduce to purely monetary terms. There are two methods for including these 
factors into the market:
1. Government regulation making it mandatory to contribute to the cost of the regional and 
global impacts from adopting particular energy solutions.
2. Attributing an additoinal levy (e.g. the Climate Change Levy, the Aggregates Tax) that 
adds cost to the supply for particular fuels and technologies. This method allows market 
forces to dictate the optimal solution to maintain local competitiveness. This can, 
however, create problems on an international scale.
Attributing monetary values to external costs has been attempted for a number of issues, for 
example the damage cost of carbon emissions was estimated at £70/tC15. However, many 
environmental, and particularly social, issues cannot be effectively accounted for in monetary 
terms. Other ways of accounting for these factors so that they can be included in the decision­
making process will be investigated by using a form of sustainability appraisal that has been 
developed as part of earlier research12.
Policy and Strategy Evaluation
UK Government policy, and the strategy by which it will be achieved, has set out a range of 
sustainability objectives. An overall move from predominantly measuring economic success of a 
nation towards improving the quality of life of its citizens can be clearly seen in terms of policy.
14 Directive 2002/91/EC: Energy Performance of Buildings (Dec 2002). Official Journal of the 
European Communities, L 1/65.
15 DTI, Energy White Paper: Our energy future -  creating a low carbon economy (Feb 2003).
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However, the ‘trickle-down’ from central government, through its various departments and on to 
local authorities, as each form their unique interpretation of the high level policy statement, 
means that priorities are diluted and messages can be lost.
A comparison will be done of policy statements and strategies of the following bodies will be 
undertaken to ascertain the consistency of interpretation, and the effectiveness of the measures 
applied to energy applications for individual buildings, and hence the political environment in 
which building designers have to work:
1 . UK Government
2 . Department of Trade and Industry (DTI)
3. Department of the Environment, Fisheries and Rural Affairs (DEFRA)
4. Hampshire County Council
5. West Wiltshire County Council
6 . Kennet District Council
7. Rushmoor Borough Council
Conducting this survey should reveal the encouragement from different levels of authority 
towards sustainable energy solutions, and the scope for expanding potential initiatives to promote 
these solutions, or the resistence that might ensue. It is difficult to suggest how individual local 
authorities will interpret changes to government policy in the future for their particular region, and 
there will not be scope to advance this research area into a great level of detail. However, some 
indication can be derived of the uptake of new initiatives on a local and regional basis, and how 
this will affect building design in the future.
Case Studies
During the period of this research, the researcher has been, and will continue to be, part of the 
Environmental Team for Project Allenby/Connaught. This is a large PFI scheme for the MOD 
involving the construction and refurbishment of accomodation, military community facilities and 
work areas on six sites across the south of England. The large number of buildings involved over 
a 10-year construction period, plus the organisation of the management approach for a 35 
contract, will provide ample data illustrating the application, successful or otherwise, of the 
government’s SD objectives as interpreted by the MOD. The researcher has been involved in the 
project from the start of the research period, and has gained insight into the development of the 
contract, the inclusion of renewable energy solutions and the establishment of a comprehensive 
energy metering and monitoring regime.
A second large project is likely to be Z-squared -  a concept design of a sustainable community 
for 2,000 homes, with work and leisure areas, based in the Thames Gateway region. This is to 
form a part of the UK Government intitiative to provide 120,000 homes that use sustainability as 
core objectives in the Thames Gateway region -  a site targetted as in need of,substantial 
remediation and redevelopment. The aim of the Z-squared communityn is to attempt to achieve 
zero fossil-fuel energy and zero waste to landfill. It is expected that this scheme will provide only 
conceptual and contractual data, plus further insight into the realisation of government policy into 
building design, over the duration of the research period, as this project is approximately three 
years behind Allenby/Connaught.
Conclusion
The overall aim of this research project is to aid the adoption of sustainable principles in the 
political and economic framework in which society exists. By focusing on the UK energy market 
as it applies to the design of buildings and their interactions with the environment and the 
community, this study addresses key issues that are facing society today in a rapidly changing 
market landscape.
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The research has started with a review of the current energy market landscape in the UK, and will 
continue with a study of the various influences and drivers within that market, including sensitivity 
analyses of variations of these drivers. This will inform the research question of where changes 
can be effective, and will ultimately give some guidance as to a possible market format that will 
encourage sustainable development of energy services in building design.
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Empirical Structure Plan
Introduction
The purpose of this document is to illustrate the methodology to be used for a research proposal 
studying opportunities to create an energy market landscape that will better support sustainable 
energy solutions for building designs. From the Research Proposal (May 2004) the over-arching 
question presented was:
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption o f the principles of sustainable development, what form would this landscape take,
and how would the market operate?
To investigate this idea, a number of research questions are proposed to ascertain the following 
key issues:
1 . the political and regulatory setting in which sustainable energy designs are competing 
with traditional methods,
2 . the physical and practical obstacles to their adoption in buildings, and
3. the viability of sustainable energy designs over their life time, including the incorporation 
of external costs and benefits.
The research strategy envisaged that will thoroughly investigate these issues in a structured and 
transparent manner will rely upon a number of phases, shown in figure 1. This describes the 
overall strategy of market information gathering, followed by data collection and analysis, and 
finally using the results to achieve a level of forecasting for future scenarios.
To determine the existing market landscape for energy 
decisions in the UK built environment.
To ascertain the key sustainable energy technologies, 
both for generation and efficiency, and the obstacles they 
can present for adoption.
To select appropriate energy scenarios for the application 
of technologies using existing case study buildings.
To determine the financial case for the case study 
buildings given a range of technological solutions.
Addressing non-financial factors that can be additional 
decision-making criteria for each case study building.
Using the results obtained for the range of building types 
and technologies to derive an energy market landscape 
that better serves sustainable goals.
Figure 1 Research Methodology road-map
By following this approach, the issues identified -  setting, practicality and viability -  as key factors 
both currently inhibiting and potentially enabling sustainable energy solutions in buildings can be
Literature Review
Technology Review
Scenario Analysis
Application to Case 
Studies
External Costs and 
Ranking
Cost-Benefit 
Analysis techniques
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examined thoroughly. This will allow effective derivation of alternative market approaches that will 
provide sustainable development of the energy performance of buildings in the UK.
Phase 1: Literature Review
The energy market in the UK is a complex and evolving sector, recently de-regulated and 
governed by the fiscal pressures of a ‘free’ market. Having privatised the generation and supply 
components, while maintaining control of the transmission and distribution networks, the 
Government’s main objective from this de-regulation process was to achieve cheap energy for all 
market sectors.
A literature review will be undertaken to reveal the full scope of the current energy market 
landscape as it applies to buildings. This will cover all the pertinent issues and mechanisms in 
place that influence energy decisions for building owners, designers and operators, including:
• EU policy and Directives, including the forthcoming Energy Performance of Buildings 
directive.
• UK Government energy policy and building sector strategy.
• Building Regulations and British Standards applying to energy technologies.
• Current legislation, i.e. 1989 Electricity Act, Utilities Act 2 0 0 0 , Sustainable Energy Act 
2003, Town & Country Planning Regulations 1999.
• Comparison with other national frameworks -  e.g. other EU states, Japan, USA).
• British Electrical Transmission and Trading Arrangements (BETTA) and its impacts on 
small generators.
• The influence of development contracts, such as PFI and FM contracts, on the decision­
making criteria for energy use in buildings.
The aim of this exercise is to achieve a full picture of the current energy market status as it 
applies to the built environment to take account of all influencing parties. It will mostly comprise of 
a desk study approach, but will also utilise conferences and workshops attended by the 
researcher across the energy and building sectors.
While this approach forms an important baseline for the subsequent research strategy, it must be 
borne in mind that all the above factors are subject to change during the research period. This 
means that while the Literature Review phase represents the starting point for research, it will be 
ongoing throughout the whole research period to keep up-to-date with strategy and regulatory 
adjustments.
Phase 2: Technology Review
In parallel to the market review discussed above will be a similar review of the current 
technological options that can form part of a sustainable energy solution in buildings. This will 
incorporate both energy efficiency and energy generation on a building-specific level. The review 
will focus on the practical and physical aspects of each technology, and the existing obstacles so 
far preventing mass market adoption. This will be compared to the effective energy performance 
with respect to the C 0 2 emissions savings achieved and the annual contribution to total energy 
demand that can be achieved for a building.
Table 1 shows the range of technologies to be reviewed. Within each heading will be a selection 
of possible technological solutions and products. For this research exercise the emphasis will be 
on established (non-experimental) products and systems that are readily sourced in the UK. It is 
clear that the variety of some products and the supplier data relating to their performance may 
create some inaccuracies. These will be addressed for each technology with supplier claims 
moderated by the use of existing case studies and sector experience sourced in the workplace 
and in appropriate seminars and workshops.
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Table 1 Technology Review Matrix
Efficiency Generation
Insulation Wind (mast & micro)
Dayliqhtinq Micro-CHP
Energy management systems & sensors Solar thermal for DHW
Ground Source Heat Pumps Photovoltaics
Condensing boilers
Artificial lighting
Ventilation, heat recovery and cooling
Glazing
Phase 3: Application to Case Studies
The use of case study buildings adopting particular energy solutions will illustrate the practicality 
and viability of the various options in certain situations and building types. The aim will be to 
derive a defined number of hypothetical energy solutions applied to a small number of specific 
buildings. These energy scenarios will then be tested on the following issues:
• Capital cost
• Whole life cost
• C 0 2 emission savings
• Connectivity issues
• Reliability of supply
Comparisons will be made between new buildings and existing buildings, accepting the fact that 
the most energy-inefficient buildings are from older building stock. Part of the case study building 
range will be selected from an existing building stock.
To set a baseline comparator, all the case study buildings will be judged against a similar building 
that is designed to just achieve Building Regulation compliance using traditional methods. This 
will provide a comparison to the lowest capital cost option that achieves required standards.
Phase 4: Cost-Benefit Analysis Techniques
This stage of the research will take the hypothetical building case studies with the previously 
identified sustainable energy scenarios and derive a business case. Investment appraisal 
techniques will be employed on a whole life cost basis, taking into account the operation and 
maintenance, replacement and expected obsolescence of technologies over a set life span. The 
length of this life span will be discussed.
Offsetting initial capital investment on sustainable energy technologies through whole life benefits 
will be investigated, incorporating a range of discount rates to reflect different attitudes towards 
future depreciation and interest rates. Inflation will be factored out of the analysis, with all costs 
reduced to real values (net of inflation). At this stage issues such as future energy prices and 
infrastructure will be taken as a constant.
Phase 5: External Cost Ranking
There are a number of external costs that should be taken into account for a thorough decision­
making process addressing sustainable energy solutions in buildings. These external costs will 
include:
• C 0 2 emissions savings
• Other pollutant emissions -  S 0 2, NOx, particulates, VOCs etc.
• Social impacts and benefits
• Natural resource productivity
• Waste generated from manufacture, installation, operation and decommissioning phases.
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It may be possible to derive a monetary value for some of these issues, but it is questionable 
whether this value can effectively represent the true weight of the issue, as this is a subjective 
judgement undertaken by decision-makers.
An attempt will be made to better inform decision-makers by providing a form of elementary 
ranking for the technological options studied. This will identify levels of impact per unit of avoided 
fossil-fuel generation created by adopting such measures. In this way, a measure of preference, 
or ranking, can be produced for the sustainable energy technologies examined, and this can be 
directly compared to the baseline comparator building.
Phase 6: Scenario Analysis
This final phase will take the results of the previous sections of research to put forward possible 
changes that can be made to the UK energy market landscape that will better encourage 
sustainable energy solutions in buildings. It is anticipated that alternatives to the current market 
system can be put forward that place sustainable development at the heart of energy decisions. 
However, a range of options will be derived that will offer some compromise between economic, 
social and environmental priorities.
It is anticipated that the majority of market changes will concentrate on the methods of accounting 
for external (public commons) costs, and on shifting the balance away from capital focussed 
investment towards maximising the operational benefits over a long period. A number of market 
options will be tested for economic and external impacts and benefits using standard investment 
appraisal techniques and by including an element of sustainable accounting for the external 
issues.
Expected future market changes will also be tested, for example energy prices, availability of oil 
and natural gas, estimations of the potential increases to existing government measures, etc. 
While it is understood that these predictions will not be founded on a thoroughly sound base, they 
will use the latest available market forecasts, and explain in detail any assumptions made.
Conclusion
The aim of this research programme is to set out possible alternative market landscapes that will 
place sustainable development at the heart of the decision-making process for energy usage in 
buildings. The focus is on the UK building sector, and the energy efficiency and generation 
technologies that can form part of a building development. New buildings will be compared, 
alongside existing buildings, to a traditional baseline notional building designed to just achieve 
compliance to Building Regulations.
The research will use a combination of desk-based literature and technology review to set out a 
complete picture of today’s market landscape. This will be followed by numerical analysis of a 
number of hypothetical approaches to sustainable energy solutions, in terms of economic 
performance, and the external costs and benefits that are derived from their adoption. Building 
solutions will be ranked using these criteria, and compared to the current traditional approach.
The results of this analysis will be discussed and related to the energy market landscape in which 
buildings operate. From this viewpoint, a number of market adjustments and changes will be p u t: 
forward and assessed, that aim to place sustainable development at the heart of energy 
decisions for building owners, designers and operators.
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1 Introduction
The impacts to society and the environment from energy generation and use are substantial. 
There is mounting evidence that man-made greenhouse gas emissions are causing 
unprecedented rates of climate change, both globally and in the UK. Emissions of C 0 2 from 
fossil fuel combustion represent 90% of the UK’s greenhouse gas emissions (DTI, July 2002). In 
the UK the 1990’s were the warmest decade since records began (DTI, Feb 2003) illustrating a 
local pre-cursor to the potentially devastating global effects that this phenomenon will have if left 
unchecked. Climate change affects are being blamed for a range of ecosystem and socio­
economic changes around the planet, such as flooding in Bangladesh, heat waves in Europe 
and declining fish and seabird populations in the North Sea (BBC News, 12th July 2004), and 
these types of climatic events are expected to increase in number and severity as climate 
change gathers pace.
Air pollution is also created by the burning of fossil fuels: the release of NOx and SOx, together 
with particulates in the air we breathe, damage human health and ecosystems. NOx is also a 
greenhouse gas (GHG) 300 times as potent as C 02, and makes up another 5% of the UK’s 
GHG emissions. Compound this with the more direct and visual pollution events that occur at 
sea and on land from oil spills and geological contamination, and the use of fossil-fuels is clearly 
a risk to be minimised and managed well.
The built environment, incorporating domestic, public and commercial buildings and their 
interaction with the occupants and their environs, represents the physical core of modern 
society. By far the greatest majority of our time is spent in or around buildings -  work, leisure, 
home life, holidays etc. The energy that occupants demand, whether knowingly or inadvertently, 
while in buildings makes large demands of the supply network and natural resources. Domestic 
energy demand accounted for 29% of total UK energy consumption in 2003 (DTI, March 2004). 
A further 12% is accounted for by the Service sector, which incorporates commercial and public 
establishments, plus agriculture. The 41% of UK total energy consumption in both these sectors 
can be predominantly attributed to buildings.
Application of the principles of sustainable development to the building sector is becoming a 
political and technological challenge of our time. The ecological and social impacts of 
construction are substantial, but are dwarfed by the burdens placed on, and the potential 
benefits to, the environment and the community during the operational life of a building.
But there are substantial market and perception barriers in the way of adopting more 
sustainable energy solutions, and sometimes conflicting signals in policy and strategy. The 
energy market landscape, as it relates to building designs and management decisions, does not 
favour the sustainable option. The aim of this research is to derive alternative market 
landscapes that better serve the sustainability agenda for the built environment.
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2 Overview
The current approach to incorporating sustainable principles into aspects of building design and 
operation relies heavily upon the uncertainties of the market. The term market as it is used in 
this report refers to the configuration of regulatory and fiscal constraints in which the use of 
energy and energy technologies interacts. Attempting to fit sustainable development into the 
current market landscape is proving an uncomfortable and awkward task in which the monetary 
bias of the market always takes precedence. On the assumption that achieving sustainability in 
all society’s activities is as important as we are lead to believe, then should the market be 
adapted to suit sustainable development? How would this new market landscape appear? How 
would it operate?
2.1 Background
The UK Government has set itself a policy goal of reducing the UK’s C 02 emissions by 60% of 
the 1990 level by 2050. This was set out in the UK Climate Change Programme (DETR, Nov 
2000), and re-iterated in the Energy White Paper (DTI, July 2002), stemming from the 22nd 
report from the Royal Commission on Environmental Pollution (RCEP, June 2000). This report 
described the steps that would be required to avoid concentrations of C 0 2 breaching the 
550ppmv1 level that represents twice the pre-industrial level, and included further reduction 
recommendation of 80% below 1990 levels by 2100. Current C02 concentrations are around 
370ppmv.
Carbon emissions are not the only impacts from fossil fuel combustion. Atmospheric pollution by 
NOx, SOx, particulates and other chemicals causes a range of health problems which can be 
localised around the source, but in the case of transportation sources can spread across 
boundaries. The depletion of finite natural resources with the associated damage to natural 
habitats by either extraction, or from transportation and storage also causes substantial 
problems. While these issues are significant, the main focus of UK Policy is the reduction of 
greenhouse gases (GHGs) to comply with Kyoto commitments.
The ‘basket of six’ greenhouse gases described by UN policy to be responsible for the majority 
of potential climate change are listed in Table 1. This table describes the quantities and global 
warming potential (GWP) for each of these gases. All GHGs are measured relative to C 02, and 
while C02 is the least potent, it represents by far the most prolific emission due to the numerous 
sources.
Table 1 Global warming potential of greenhouse gases (DTI, July 2002)
EU Basket of 
6 GHGs
GWP % total 
emissions
C02 1 84
c h 4 23 8
n2o 296 6
HFC 1 2 0 -1 2 ,0 0 0 1
PFC 5,000-12,000 r 2s f 6 2 2 ,2 0 0 I
2.2 Developm ent of Research Question
It is proposed for this research to focus on the energy market in the UK, and apply it to the built 
environment. The idea of a market tailored to satisfy sustainability objectives as a prime 
objective represents a paradigm shift away from the traditional mechanics of financial-driven 
systems. The research question has spurred from an over-arching demand to find ways of 
delivering sustainable development within a market landscape. Market landscape can be 
defined as the set of influencing factors that contribute towards decisions in a market
1 ppmv: parts per million by volume
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environment. A market landscape incorporates a combination of regulation, guidance, targets 
and fiscal support on the government side, the business case that is derived on the commercial 
side, and aspects of the institutional and sociological structure. These factors are all inter­
related, with changes in one influencing the others in complex ways.
But delivering sustainable development within a market landscape leads to an assessment of 
both the requirements of sustainable development, and the nature and limitations of the 
mechanics of the current market system. To tackle this without broadening the research beyond 
the possible scope of this EngD, and to best utilise the skills of the researcher, it is proposed to 
focus these assessments on the energy market as it applies to the built environment. This leads 
to the development of a research question to ask:
If the energy market landscape as it applies to the built environment was tailored to 
encourage the adoption of the principles of sustainable development, what form would 
this landscape take, and how would the market operate?
This is a fundamental question that attempts to visualise the final goal of an energy market 
landscape that operates to the benefit of the environment and society, rather than solely 
satisfying the economic goals of minimising monetary costs and maximising monetary profits.
To investigate this idea, more detailed research questions have been formulated that link the 
various parts of the question together. Firstly, to what extent does the current political and 
regulatory setting, in which sustainable energy designs are competing with traditional 
methods, actively encourage sustainable designs? The market landscape is a function of 
the political and regulatory constraints placed upon it. The main focus of government 
intervention in a market is to ensure that social and environmental safeguards are in place to 
mitigate possible distortion created by a capitalist-driven market. The sustainability agenda 
takes a long-term view of social, environmental and economic criteria. This question seeks to 
establish how far government measures go towards sustainability for energy use in buildings.
However, the current status of efficient and low carbon energy solutions in buildings means that 
another question must be asked to assess whether it is the technologies themselves that are 
holding back greater adoption. What are the physical, practical and financial obstacles to 
adopting sustainable energy solutions in buildings? Renewable technologies vary widely, 
both in terms of the form and reliability of energy, and in terms of the capital investment 
required. Another factor is the ability of the established energy distribution network, and the 
system that operates it, to absorb and benefit from embedded energy generation.
But while financial considerations are of paramount importance to commercial decisions, it is 
becoming increasingly important to satisfy the principles of Corporate Social Responsibility 
(CSR). This means companies satisfying social and environmental imperatives that do not 
directly relate to their financial accounts. These imperatives include the reduction of emissions 
of C02 as part of the basket of greenhouse gases, emissions of other pollutant gases from 
energy generation plant, the social impacts and benefits, including building occupant comfort, 
and the preservation of natural resources that are currently not fully accounted for in the price of 
fuel. How can these external factors be incorporated into the decision process for 
building energy designers? This requires an exploration of the structure of the costs and 
benefits that arise from energy decisions to determine which stakeholders bear the costs and 
which receive the benefits? This, for example, raises the comparison of utility energy provider 
versus energy service company (ESCO).
By understanding the questions discussed above we are in an informed position to address the 
ultimate question of this research, and to explore alternative landscapes within the energy 
market for buildings. What changes to the energy market landscape would improve the 
business case for sustainable energy designs? Given that corporate and design team 
decisions are commercially focused, the financial case for energy systems needs to show a 
benefit for sustainable options. To answer this question a range of alternative landscapes, 
involving both new measures and amendments to existing measures, will be examined to 
determine the anticipated costs and benefits that may arise. While this exercise will by no 
means be exhaustive, the aim is to offer some guidance as to potential market solutions that
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could improve the uptake of sustainable energy designs in buildings. To this end, it is 
anticipated that this will provide an addition to current knowledge of the effects of market and 
regulatory measures on the energy decisions adopted by building design teams.
2.3 Purpose of D issertation
This Dissertation represents the halfway stage for the whole 4-year EngD research project. Up 
to this point, the majority of research activity has been in focussing and defining the specific 
aims and approach of research within the broad initial theme of ‘sustainable building services by 
design’, and in desk-based literature and technology research. In parallel, there has been 
involvement with a range of building designs on a large Public project that has attempted to 
introduce a number of sustainable design options for energy and water use, materials and 
waste. These buildings form the baseline of the dataset for analysis as hypothetical energy 
designs are applied.
The aim of this Dissertation is to briefly summarise the literature and technology reviews that 
have been undertaken to demonstrate a sound understanding of the political and regulatory 
setting in which energy designs are competing, and to describe, also briefly, the various 
technological alternatives, their benefits and the obstacles that are encountered during their 
application. The approach to case study scenario application will then be described with 
allocation of various energy designs as seems appropriate for particular building functions. This 
will involve a number of defined building energy designs using a selection of technologies for 
each building type. The Dissertation will then define the methods to be adopted for design 
appraisal in monetary terms, and ways to assess the social and environmental performance of 
each design. Finally, the report will conclude with a discussion of the methodology adopted, and 
some preliminary conclusions as to possible alternative energy market measures that will be 
incorporated into the forthcoming research in the sensitivity analysis stage.
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3 Methodology
There are a number of parts to the main question that require different approaches as 
assessment of both quantitative and qualitative components is required. The overall research 
methodology to interrogate the questions highlighted above uses a combination of desk study 
research, financial cost evaluation, multicriteria decision-making tools and sensitivity analysis of 
the various outcomes to test different market landscape scenarios. Figure 1 illustrates the 
proposed methodology as it will be applied to the questions raised.
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption of the principles of sustainable development, what form would this landscape take,
and how would the market operate?
To what extent does the current political and regulatory 
setting, in which sustainable energy designs are 
competing with traditional methods, actively encourage 
sustainable designs?
Literature Review
W hat are the physical, practical and financial obstacles 
to adopting sustainable energy solutions in buildings? <
Technology Review
Case Study Application
Cost Benefit Analysis (CBA)
How can external factors be incorporated into the 
decision process for building energy designers?
W hat changes to the energy market landscape 
would improve the business case for sustainable 
energy designs?
Multicriteria Decision Analysis 
(MCDA)
- a
Sensitivity Analysis
Figure 1 Research Methodology
A literature review was the starting point of the research to establish the current UK market 
status with regard to legislation, guidance, fiscal measures, capital grants and various targets 
that have been set as part of the UK government strategy to achieve policy goals. This review 
has comprehensively incorporated the EU context in which UK government decisions are made 
and influenced, and has also sought to establish the general perceptions in the market of 
progress towards the various agendas that are involved.
Different points of view, such as commercial, industrial, utility, European, political and ‘green’, all 
have a unique perspective and agenda of how they think an energy market should work. The 
focus can be on profit, market expansion, security of supply, low carbon generation or 
minimised consumer tariffs. While this research is concentrated on establishing a market that 
benefits the sustainability agenda, it has to be borne in mind that this sits within a wider set of 
agendas that are all intertwined and lobbied for by different market stakeholders.
To establish the current status of the various technological options that can be used to enable 
sustainable design solutions in buildings, a Technology Review (a summary of which can be 
found in Appendix B) has been undertaken. It was clear that for this research to be of the most 
benefit, the choice of technologies had to represent mature or market-ready systems. It is
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important to include a full knowledge of the costs; capital, installation and operation together 
with a good idea of the expected life span of a system. Only then can the long term benefits, or 
otherwise, be comprehensively incorporated into an evaluation.
The Technology Review identified a list of technologies that either sought to improve the energy 
efficiency of a building, or provided embedded power generation that would directly substitute 
external network supplies. Certain systems, for example micro-CHP, spanned both these 
categories, but for the most part technologies can be placed in one of these two categories -  
energy efficiency or embedded low carbon generation.
Energy efficiency technologies include simple measures like increased insulation levels from 
thicker wall cavity materials, improved glazing specification, and installing low energy lighting. It 
also includes greater investments like condensing water boilers that achieve an ‘A’ rating in the 
SEDBUK scheme, the installation of a micro-CHP plant to provide hot water, space heating and 
electricity to make the most of the natural gas input, or a ground source heat pump system that 
uses an electricity input to provide very efficient space heating.
Low carbon embedded generation technologies can be further broken down into those 
substituting electricity or natural gas. There is a greater direct economic benefit from substituting 
grid electricity due to the higher tariff this presents to the consumer, and they also greater 
improve the carbon footprint of the building as the grid electricity mix emits higher quantities of 
C 02 than natural gas. However, some of the electricity generation systems require substantial 
capital investment (e.g. photovoltaics) or regular servicing (e.g. micro-wind). Replacing natural 
gas can be done by a solar thermal system that is both low cost and low maintenance.
To compare these technologies with each other and with a baseline comparator that represents 
the current ‘traditional’ design and specification of energy systems within a building, a number of 
energy solution scenarios have been set up to be applied to four case study building designs. 
These buildings have been taken from designs proposed for Project Allenby/Connaught, and 
represent a residential block and a small office building, both new build and refurbished.
It is considered particularly valuable to incorporate refurbished buildings into the methodology 
as this market sector comprises the vast majority of the building stock and will benefit the most 
from improving energy performance due to the lower standards to which they were built. The 
methodology makes the assumption that an existing building to be refurbished has been 
constructed to comply with 1995 Building Regulations. A new building is constructed to the 2002 
Building Regulation standard.
From the range of energy design scenarios that are applied to the four building case studies, a 
matrix of results will be derived that list the annual imported energy requirement (both gas and 
grid electricity), the carbon emissions, the capital cost (Government supported and 
unsupported) and operational expenditure over a set duration, together with any connectivity, 
reliability and occupant usability issues that are known to exist. There is a clear distinction to be 
made between those results that can be directly compared using monetary, or other 
quantitative, values, and those that present a more qualitative, and so less defined and 
comparable, outcome.
The monetary portion of these results will be assessed using a simple investment appraisal 
technique such as cost-benefit analysis. This will incorporate a brief study into an appropriate 
discount rate to use requiring a sensitivity analysis of a range of discount rates over a set 
system life. UK Government investment appraisal guidance suggests adopting a discount rate 
based on the social time preference rate of 3.5% (HM Treasury, 2003). This takes into account 
aspects of catastrophe risk, pure time preference, elasticity of the marginal utility of 
consumption and growth rate per capita in the UK. However, historic appraisals have 
additionally included factors such as risk, optimism bias and the cost of variability, together 
giving an overall discount rate of 6 % (ODPM, Oct 2003). Using a range of supportable discounts 
rates will provide an idea of the robustness of the business case independently of other 
considerations. To put this into the context of design decisions for building energy solutions, 
GPG 274 (DETR, Nov 1999), which provides guidance for quantity surveyors for evaluating the 
business case for energy efficient buildings, will be adopted as an overall assessment
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methodology. A key requirement that is emphasised is that payback periods should only be 
considered for a complete package of efficiency measures, not as a means of discriminating 
between particular technologies. This requires an integrated design and cost evaluation 
approach that achieves best practice because of the efficiency measures in place, not in spite of 
them, and supports the case study approach using total energy design solutions described 
above.
The other quantitative evaluation will be a comparison of the C02 emissions saved by adopting 
the scenarios., While there are attempts to place a monetary figure on carbon emissions 
(Clarkson & Deyes, Jan 2002), and these will be discussed, such a method will not be 
incorporated into this research. It appears more useful to the decision-maker to adopt a form of 
multicriteria analysis tool that can use monetary, emissions and qualitative data to form a 
selection ranking for the various energy design solutions.
A number of external factors should be taken into account for a thorough decision-making 
process addressing sustainable energy solutions in buildings. These external considerations will 
include C02 emissions savings, other avoided pollutant emissions (S02, NOx, particulates, 
VOCs), occupant impacts and benefits, natural resource productivity and the waste generated 
from manufacture, installation, operation and decommissioning phases. To incorporate all these 
issues, an established multicriteria decision making (MCDM) tool (Munda, Feb 2003) will be 
used that includes all the quantitative and descriptive aspects that form the decision matrix. This 
tool will be used to identify a ranking for the sustainable energy technologies examined, which 
will include the baseline comparator building.
The purpose of the case study building exercise is to establish the impact the market landscape 
has on the adoption of sustainable energy solutions. Different technologies have varying levels 
of government support, utility network enablement and carbon emission performance. Some are 
clearly more appropriate than others for certain uses, in certain climates or seasons. By this 
stage we will have established the practicalities and feasibility of a range of technological 
solutions.
The final stage of the research is to test for changes to the fiscal, institutional and incentive 
structures of the market landscape, for example a rise in the price of fuel, an increase in capital 
support, incorporation of a Carbon Tax, a change in Planning requirements or some imposed 
energy performance targets. While it is understood that the predicted scenarios are not founded 
on a thoroughly sound basis, they will use the latest available market forecasts to explain in 
detail the assumptions made.
The variables considered will aim to cover the possible range of Government and market 
instruments that are available. These instruments can be summarised as regulation, guidance, 
market mechanisms, Government capital support, and industry targets and benchmarks. There 
are already in existence measures that fall into all these categories, as will be discussed in the 
next section, so the market landscape scenario exercise will test changes in the existing 
measures as they apply to the 20 building-energy combinations. This will give direct data ‘as the 
engineer would see it’ to inform the decision process for energy solutions in building design.
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4 Summary of Literature Review
A L ite ra tu re  R eview  has been conducted  tha t iden tifies the  key fac to rs  tha t a ffec t energy  
dec is ions in the  UK bu ilt env ironm ent. Below  is a sum m ary  of th is rev iew  h igh ligh ting  pe rtinen t 
issues tha t focus on the spec ific  a im s of the  research ob jectives. For fu rth e r deta il, p lease  refer 
to the fu ll L ite ra ture  R eview  and the refe rences show n.
4.1 Sustainable Developm ent Agenda
For the  pu rpose  of th is  report, susta inab le  deve lopm en t w ill be de fined  as the  s teps taken  
tow ards the goal of susta inab ility . The  UK stra tegy for susta inab le  d e ve lopm en t w as set ou t in 
the  pub lica tion  ‘A B ette r Q ua lity  of L ife ’ (DETR, M ay 1999), and described  fou r m ain ob jec tives, 
show n in Box 1, tha t w ou ld  represen t ind ica to rs  of successfu l sus ta inab ility  perfo rm ance .
Box 1 The UK Strategy for Sustainable Developm ent
The four main objectives for sustainable development on a national scale in the UK. (A Better Quality 
of Life, DETR 1999).
1. Social progress which meets the needs of everyone
2. Effective protection of the environment
3. Prudent use of natural resources
4. Maintenance of high and stable levels of economic growth and employment
A pp ly ing  these  founda tion  p rinc ip les to the bu ild ings and construc tion  sec to rs  has been 
described  in a num ber of docum en ts  s ince 1999, includ ing  ‘ In tegra ting  S usta inab ility  and 
R eth ink ing  C o n s tru c tio n ’ (C R ISP, M ay 1999) and the S usta inab le  C ons truc tion  T ask  G roup 
report (SC TG , O ct 2003).
E n v i r o n m e n t a lS o c i a l
L a n d sca p e « 
Tow nscape Biodiversity & Nature
C lim ate Change 
A ir Quality
C om m unity & Social
Tra ffic  & T ransport
Geology & Soils
Sustainability W ater & Drainage
M anagem ent
Health. Safety Buildings
Energy
C onsum ption
M anagem ent
Archaeo logy & 
C ultura l Heritage
Econom ic Prosperity
E c o n o m i c
Figure 2 S usta inab ility  Issues tha t in te ract w ith  the bu ilt env ironm ent
G overnm ent departm en ts  and bus inesses a like have been seeking to add ress the  sus ta in ab ility  
agenda in a transpa ren t and im p lem en tab le  w ay  tha t does not com prom ise  the p re -requ is ite  
p rio rity  of com m erce  to  m ake p ro fit and not incur cost. In the  6 M onth R eport (A tk inson , April
2003) a S us ta inab ility  Appra isa l m e thodo logy deve loped  by KBR as part o f the
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Allenby/Connaught project was introduced. This process qualitatively gauged performance of a 
masterplan, a building or a service delivery package against a range of sustainability issues 
under headings shown in Figure 2.
The focus of this research is energy use in buildings, which means that only a small subset of 
the issues listed in Figure 2  are of primary concern, with some others representing secondary 
effects.
Primary issues will be:
• Energy consumption and management
• Climate change and air quality
Secondary issues will be:
• Economic prosperity
• Efficient use of buildings and materials
• Health safety and welfare
As is the nature of the sustainability agenda there are inevitably some tertiary issues that will be 
indirectly influenced by energy decisions, which could potentially be covered by any of the 
headings in Figure 2. For instance, issues raised by the Planning process could have an impact 
on cultural heritage, community development and the townscape of the development area. 
While all foreseeable impacts will be considered, the main focus will be on the primary and 
secondary impacts and benefits listed above.
The over-arching issue that has precipitated this research topic is that of reducing buildings’ 
impact on climate change through efficient and non-fossil fuelled energy solutions. The 
reduction of GHGs is the overall objective, with C02 being the most prolific emission owing to its 
use in electricity generation and space heating, and in transport worldwide. The leading 
instrument in current use to curb GHG emissions is the Kyoto Protocol to the United Nations 
Framework Convention on Climate Change (UN, May 1992). The Protocol tackles the emissions 
of a basket of six GHGs (C02, CH4, N20, HFC, PFC & SF6) by producing binding, quantified 
objectives for limiting and reducing the emission of these gases.
4.2 The EU Context
EU energy policy is governed by the requirement for a secure energy supply across the 
community given dwindling regional oil and gas stocks, and by the limitations imposed by the 
Kyoto Protocol to minimise the damage caused by fossil fuel combustion. This is set within a 
number of national ‘free’ markets for energy generation and supply.
The EU energy resource situation means that the community is becoming increasingly 
dependant on external sources. This represents a particular risk for oil and gas fuels due to the 
uneven distribution of resources across the world, and susceptibility of whole economies to 
price fluctuations beyond EU control. There are also physical (transport) and political influences 
that create an element of vulnerability in the EU in negotiating capacity.
In Nov 2000, the Commission produced its Green Paper on security of supply (EU, 29th Nov 
2 0 0 0 ) to address critical issues that have arisen regarding the communities reliance on fuel 
imports for the majority of energy usage. The Paper put forward a number of steps forward to 
begin to redress this situation, with three of the key suggestions stated as (EU, 26th June 2002):
1. Renewable energy -  aim to achieve a renewable energy contribution of 22% of EU 
energy demand by 2 0 1 0 .
2. Energy savings in buildings -  a possible 22% EU-wide energy saving was possible from 
adopting a common method of calculating and updating minimum energy performance 
standards, and from the use of common certification schemes.
3. Biofuels -  a strategy to encourage an increased use of biofuels to substitute liquid 
fossil-fuels, particularly aimed at transportation. Targets suggested as achievable goals 
were for 2% of all fuels in the EU to be biofuels by 2005, followed by 5.75% by 2010. A
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long-term aim was put forward to replace 2 0 % of petrol and diesel for transportation by 
2 0 2 0 .
To combat climate change impacts, the EU has adopted a number of measures aimed at 
curbing GHG emissions by either increasing energy efficiency of electricity generation, industrial 
processes, transport, buildings and appliances, or by changing the energy generation source for 
a climate-benign alternative, such as renewables and nuclear.
The EU adopted the Framework on 9th May 1992 in New York, and ratified the convention in 
Dec 1993, entering into force on 21st March 1994 (SCADplus, Jan 2003). Overall, the parties 
that have adopted the Protocol must undertake to reduce their emissions by at least 5% below 
1990 levels during the period 2008 and 2012. The EU Member States, currently contributing 
14% of the world’s emissions, must collectively reduce their GHG emissions by 8 % in this 
period. The current trend is an increase of 5%. Up to 2008, parties must undertake to make 
demonstrable progress in achieving their commitments by 2005.
4.2.1 Current EU Directives, Programmes and Incentives
To achieve Kyoto targets across the Community the energy market sectors that relate to 
buildings are subject to a number of regulatory Directives, fiscal incentives and information 
programmes that seek to encourage sustainable development of energy designs on two fronts:
1. Energy efficiency of buildings, plant and appliances
2. Non-fossil fuel energy generation
To promote the efficient use of energy, both in terms of electricity and heating/cooling, a number 
of schemes are in place across the EU. The Energy Efficiency Action Plan (EU, 2000) 
proposes a target of a 1% decrease each year of the EU’s energy consumption until 2010 over 
and above the reductions currently envisaged. Measures are applied to three categories 
(SCADplus, 2004) that either integrate energy efficiency into other EU policies, strengthen and 
expand existing efficiency schemes or create new policies and measures in the fields of 
procurement, energy audits and best practice guidance.
Within each of these areas are sector-specific measures and targets. For example, the 
measures to strengthen and expand existing measures in the buildings sector require that the 
Energy Certification of Buildings directive (93/76/EEC) is amended to include C 02 emission 
limits, together with insulation measures and heating requirements. Other steps include 
dissemination of best practice guidance, extension of the various energy-labelling systems in 
operation, training and qualifications for fitters, and the financing of a ‘Green Light Programme’ 
to address lighting in commercial buildings.
Intelligent Energy -  Europe (EIE) (EU, 26th June 2003) is the Community’s support 
programme for non-technological actions in the field of energy efficiency and renewable energy 
sources. It is not specific to the built environment, but forms an umbrella structure that includes 
the following four schemes:
• SAVE and SAVE II -  energy efficiency and rational use of energy in buildings.
• ALTENER -  new and renewable energy sources and their integration into the local 
environment.
• STEER -  energy aspects of transport and the diversification of fuels, particularly 
biofuels.
• COOPENER -  energy efficiency and renewable energy sources in developing 
countries.
The aim of the EIE scheme is to remove market barriers to the increased use of energy 
efficiency and renewable energy sources within the EU. The focus is on ‘promotional activities’ 
rather than technological investment, and the scheme runs from 2003 to 2006.
The forthcoming Energy Performance of Buildings Directive (EU Directive, 16th Dec 2002), 
due to be in place across the EU by 4th Jan 2006, is aimed at the residential and tertiary sectors, 
and covers all aspects of energy efficiency to form an integrated approach. There are four main 
factors to this scheme (SCADplus, May 2003):
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• To create a common methodology for calculating the integrated energy performance of 
buildings.
• To set minimum standards on the energy performance of new buildings, and of existing 
buildings undergoing substantial renovation.
• To adopt systems for the energy certification of new and existing buildings, and for 
public buildings, that must be on display and less than 5 years old.
• To ensure regular inspection of boilers and central air-conditioning systems, plus an 
assessment of heating installations older than 15 years.
In 1997, the White Paper on renewable sources of energy (EU, 1997) was published following 
on from the consultation and discussion of the Green Paper of the previous year. The aim of 
the White Paper is to attain a minimum penetration of 12% renewable energy contribution by 
2010 across the EU. To achieve this Member States are required to promote as wide a use of 
renewable energy as their potential allows.
To enable the objectives of the White paper, a number of internal goals for Member States are 
set out. These together have potential gains to the Community such as the creation of up to 
900,000 jobs, an annual saving of fuel costs of €3bn from 2010 onwards, a reduction in fuel 
imports by up to 17.4%, and the reduction in C 02 emissions by 402 million tonnes per year by 
2010.
Developing the distributed renewable energy market, allowing buildings to produce their own 
energy supply with excess entering the local network, is seen as a key component to enabling 
energy generation of lower carbon intensity. This must be done in the free energy markets in 
which the EU energy sectors now operate, and steps have been incorporated that aim to 
remove barriers to this occurring. Key initiatives include:
• Non-discriminatory access to the electricity market for renewable generators.
• A package of fiscal and financial measures to ‘kick-start’ technology adoption.
• New initiatives regarding biofuels and their use for heat and electricity production, and 
in the transport sector.
• Promotion of renewable energy sources in the construction industry, both for retro-fitting 
to existing buildings, and integrated into new buildings.
There are also schemes to promote combined heat and power (CHP) installations (SCADplus, 
Oct 2003) that act as a local or regional generator so adding security to the power supply by 
relieving some reliance on the centralised generators. Plant that uses a feedstock other than 
natural gas increases security still further, omit C02 emissions almost completely from the 
generation process, and provide a substantial benefit to the management of waste, avoiding the 
use of landfill.
4.3 The UK Strategy
The current political and regulatory framework in which the UK’s internal energy market 
operates is constrained by the parameters defined by the Government’s energy policy. This 
policy, in turn, is partly derived from EU Directives and energy policy, as shown in Figure 3, but 
also from the UK Government’s own priorities and agendas regarding energy security, 
competitiveness and environmental performance.
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EU Policy Framework
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UK Government Policy & Strategy Framework
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OD PM DTI DEFRA Treasury DfES MOD DoH DoT DfID FCO
UK Energy Market Landscape 1. Regulation & legislation2. Guidance & information
3. Market mechanisms
4. Capital grants & subsidies
5. Targets & benchmarks
Figure 3 Institutional hierarchy influencing the UK energy market landscape.
4.3.1 Policy
The current UK energy policy is set out in the Energy White Paper (DTI, 24th Feb 2003). The 
policy described was founded on a succession of research publications and consultation that 
looked into the implications of either continuing to generate and use energy with current 
technologies and demand profiles, or adopting more low-carbon and efficient alternatives to 
begin to address the issues set out in the Kyoto Protocol.
The Royal Commission on Environmental Pollution (RCEP) published a report (RCEP, June 
2 0 0 0 ) highlighting the pressing scientific concerns of climate change, and the potential 
environmental and social impacts this would have across the planet. An urgent need was stated 
for a global agreement to limit and reduce carbon emissions both in industrialised nations and in 
the rapidly developing countries such as China and India. For the UK, action to prevent C 0 2 
concentrations from exceeding 550 ppmv could require a 60% reduction in emissions by 2050, 
and perhaps 80% reductions by 2 1 0 0  in global terms.
The Government responded to this report with the UK Climate Change Programme (DETR, 
Nov 2000) setting out the measures to be put in place in the various sectors of the economy that 
would kerb GHG emissions. All six of the ‘basket’ of GHGs were allocated to each sector -  
energy supply, business, transport, domestic, agriculture & public -  and specific measures 
introduced for each. For example, in the domestic sector the Energy Efficiency Commitment 
(EEC) was introduced as the successor to EESOPs, and new standards for the energy 
efficiency of electrical appliances were imposed.
Following this, a report from the Performance & Innovation Unit (PIU, Feb 2 0 0 2 ), a 
Government advisory group, focused more on the UK energy strategy for the coming decades 
that addressed the issues recently raised. Some of the key conclusions of the Energy Review 
were:
• The very large carbon emissions reductions put forward by RCEP should not be 
undertaken if the UK will be acting alone.
• The immediate priorities of carbon reduction will be most cost-effectively achieved by 
promoting energy efficiency and renewable energy generation.
• The Government should use economic instruments to focus attention on the cost of 
carbon emissions to all energy users. Achieving large emissions cuts would require 
action beyond the electricity sector that is currently the main target.
• Step changes in energy efficiency are required.
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• A renewable energy contribution of 20% of total demand by 2020 should be the 
Government’s target.
• There is a need to address the obstacles to investment in renewable energy and CHP 
generation in the energy marketplace..
In Feb 2003 the Government published its Energy White Paper (DTI, 24th Feb 2003) to set out 
the UK energy policy, and propose a strategy towards a low carbon energy future. The 
challenges that the policy addresses are described as:
1. Environmental -  with focus almost entirely on climate change.
2. Decline of UK indigenous energy supplies -  with North Sea oil and gas becoming
rapidly depleted, coal extraction more expensive and nuclear essentially unavailable.
3. Update the UK energy infrastructure -  with substantial investment required in 
distribution networks to enable a more decentralised contribution to energy supply.
The policy objectives to address these challenges are listed as:
• To put the UK on a path to cut C02 emissions by 60% by 2050 (in line with RCEP 
recommendations), and to show real progress by 2 0 2 0 .
• To maintain the reliability of energy supply.
• To promote competitive markets in the UK and beyond, to raise sustainable economic
growth and productivity.
• To ensure that every home is adequately and affordably heated.
The White Paper describes a possible scenario for the UK energy system in 2020. Focusing on 
the built environment, the energy landscape will include:
• More local generation from medium-small power plant from waste, biomass or gas- 
fuelled CHP. These will use local distribution networks such as private wire for 
electricity and district heating schemes.
• Expanding markets in micro-CHP, fuel cells in buildings and photovoltaics.
• Energy efficiency improvements will reduce overall demand, despite expected new 
demand from domestic appliances and possible increased use of air-conditioning.
• New homes will be designed to need very little energy, perhaps zero carbon emissions.
• Existing building stock will increasingly adopt energy efficiency measures, and may 
include technologies that further reduce demand such as solar water heating.
The strategy required to achieve such an energy landscape uses a wide range of ‘carrots’ and 
‘sticks’ in the form of capital grants and investment, targeted taxation and enhancements to the 
regulatory and market framework. For the built environment this is reflected in the following 
proposed measures from the White Paper:
• The Government estate has a target for energy efficiency to reduce carbon emissions 
by 1 % each year.
• Encouragement of energy suppliers to re-frame their activities to become energy 
service companies (ESCOs). This means that rather than selling units of power, 
suppliers should market the end product that the consumer wants, e.g. warm rooms, hot 
water and effective lighting. Doing this will see the integration of insulation, condensing 
boilers, low-energy lighting and appliances become part of the ESCO range.
• The use of the BRE EcoHomes (BRE, 2004) standard for social housing funded by the 
Housing Corporation.
• The Carbon Trust’s Low Carbon Innovation Programme (launched in 2002) has initiated 
funding for research into technologies and techniques to enable more efficient building 
operation. Developments such as net metering to allow embedded generation to be 
sold back to the grid system are key to market enablement. Steps will also be taken to 
expand the use of the Renewables Obligation to include small distributed generators.
• The Community Energy (Energy Savings Trust, 2004) and Clear Skies (Clear Skies,,
2004) programmes, worth £60million over three years, will support CHP and renewable 
technologies on a community and household scale.
• Tougher Building Regulations will impact new buildings in terms of thermal performance 
and ventilation design. But it is recognised that this will not affect the existing building 
stock.
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The first annual review of the Energy White Paper (DTI/DEFRA, April 2004) repeated the 
Government’s policy objectives, and described the achievements of the first year of the policy. 
Amongst these achievements, several relate to buildings and construction:
• Energy efficiency programmes had assisted over 750,000 vulnerable households in 
England using the Warm Front programme.
• The Better Buildings Summit was held in October 2003, looking at possible ways that 
the Government and the construction industry could improve the sustainability 
performance of this sector. The conference reviewed barriers to investment in efficient 
and sustainable technologies, and to better design of buildings, their services and 
fabric. The summit saw the launch of the .Sustainable Buildings Task Group (see 
section 3.2.5.5).
• The Renewables Obligation has been extended from 10.4% in 2010-11 progressively 
up to 15.4% in 2015-16.
4.3.2 Legislation and Regulation
4.3.2.1 Current Legislation
Energy and Building-related legislation has developed as priorities towards efficiency and non­
fossil fuel generation have increased. The current legislation that affects this market is listed in 
Box 2.
Box 2 Current UK Legislation for the Energy and Building Sectors
1. Electricity Act 1989 - to re-organise the electricity generation, transmission, 
distribution and supply system and make the way for a free market approach.
2. Building Regulations 2000 - (see below)
3. Utilities Act 2000 - details the procedure required for the granting of licenses for 
these sectors, and the system in place to ensure integration between the sectors for 
security, competition and legal responsibilities.
4. Sustainable Energy Act 2003 - to remove some barriers that are preventing a 
greater adoption of energy efficiency and renewable generation.
5. Energy Act 2004 -  includes the provision for the development, regulation and 
encouragement of the use of renewable energy sources.
4.3.2.2 Building Regulations
The UK Building Regulations (ODPM, 2000) set the minimum requirements for all types of new 
buildings for a range of quality and safety issues. This ensures that the general standard of all 
new buildings meets certain criteria. Approved Document Part L, last amended in 2002, is 
separated into two sections: L1 for residential buildings and L2 for all other buildings. Both 
sections use a similar selection of methods for assessing the energy efficiency and conservation 
measures that have been designed into a building. Both Part L1 and L2 are expected to be 
further amended to impose higher minimum standards in 2005.
Part F deals with the ventilation design within a building, which forms a component of the 
energy demand and efficiency, and interacts with the heating and cooling systems. Particular 
building layouts will aid more efficient, non-mechanical, ventilation. Use of openable windows 
and passive stack ventilation will minimise the power requirements of the ventilation system, but 
may also limit its control.
4.3.3 Market Mechanisms
4.3.3.1 Renewables Obligation
The Renewables Obligation (RO) is the Government’s main market instrument to encourage the 
development of renewables in the UK. Introduced in April 2002, the RO requires licensed 
electricity suppliers to supply a specified and increasing proportion of their electricity from
EngD Environmental Technology: Sustainable Building Services by Design
2 Year Dissertation: Market strategies to encourage sustainable energy solutions in buildings
14
URN 3247155 Jon Atkinson
Sept 2004
eligible renewable sources. The level of contribution is set to match the Government’s 
renewables target with levels increasing from 3% (2003) up to 10.4% in 2010. Eligible 
renewable technologies that can be embedded into building designs include wind and 
photovoltaics. Recent developments (DTI, 2004) indicate that smaller generators (less than 
50kW DNC2) can benefit from the RO as in their case calculations of output will be assessed 
annually, as opposed to monthly for larger generators. There is planned secondary legislation 
that will continue the contribution increases to 15.4% in 2015/16 (DTI, 3rd Aug 2004). The 
commitments of the RO will continue until 2027.
One MWh output accredits the supplier with one Renewables Obligation Certificate (ROC). 
Failure of a supplier to meet the prescribed renewable contribution means that the shortfall must 
be paid for at the ‘buy-out’ price. This price is set by Ofgem and is currently £30.51 per MWh 
(25h Oct 2004). The buy-out payments are recycled to those suppliers that are meeting their 
renewables obligation fully through the submission of ROCs from eligible generators.
The impact on sustainable energy choices in building design is that the RO provides an 
additional source of income from the installation of eligible technologies and their active use. 
Clearly, these technologies must be connected to the national grid network and benefit from 
some form of reversible (or net) metering from the supply company. The installations also have 
to generate at least 1 MWh each year to achieve a ROC for the suppler.
4.3.3.2 Climate Change Levy
From April 2001 a Climate Change Levy (CCL) was introduced to encourage progress towards 
the UK C 02 emissions reduction targets. The levy is administered by Customs & Excise and 
collected as part of the supplier charging process. It applies to non-domestic fossil-fuel 
consumers, with exceptions including educational, elderly and defence-related accommodation. 
The levels of the levy have been set at 0.43p/kWh for grid electricity and 0.15p/kWh for natural 
gas.
Exempt from the levy are certain energy-intensive industries and low carbon technologies. 
Focusing on the built environment, exemptions apply to renewable generation and to (good 
quality) CHP. The avoided payment of this levy will benefit both electricity and gas substituting 
renewable technologies. The payments are being recycled into three areas: reductions in 
employers National Insurance contributions, research and development of energy efficient 
technologies and the provision of Enhanced Capital Allowances for energy saving equipment.
4.3.3.3 NETAandBETTA
The New Electricity Trading Arrangements (NETA) replaced the previous Pooling arrangements 
for the wholesale electricity market. It represents the charging regime imposed on generators 
and suppliers for the use of the transmission and distribution systems that are run by National 
Grid and the regional distribution network companies as monopolistic entities. NETA has been 
shown to hamper the adoption of renewables by penalising intermittent, and therefore 
unpredictable, generation and by discouraging long term contracts in the traded markets (Helm, 
2002). It has also reduced investment in CHP as the resulting low electricity price and higher 
gas price has not benefited the business case for this technology.
NETA is due to be amended to BETTA (British Electrical Trading and Transmission 
Arrangements) to incorporate the Scottish transmission network by April 2005, and specific 
consultation is underway to incorporate changes to the benefit of small-scale generators 
(Ofgem/DTI, May 2004).
4.3.3.4 Energy Efficiency Commitment
Introduced in April 2002 to replace the EESOPs scheme, the Energy Efficiency Commitment 
(EEC) sets targets for the UK gas and electricity suppliers to help domestic customers to save 
energy. The target for 2002 to 2005 was to save a total of 62TWh by improving customers’ 
energy efficiency by providing financial support for increased insulation, draught-proofing, low-
2 DNC -  declared net capacity.
EngD Environmental Technology: Sustainable Building Services by Design
2 Year Dissertation: Market strategies to encourage sustainable energy solutions in buildings
15
URN 3247155 Jon Atkinson
Sept 2004
energy lighting and condensing boilers. The process entails the provision of vouchers from 
suppliers direct to the householder for work to be done by appointed contractors. Low income 
householders are the prime target, with the cost of the vouchers generally being passed on to 
all consumers.
Current proposals for the second phase of the EEC, running till 2008, aim to double the energy 
saved target for suppliers. The scheme to date is regarded as a success and suppliers have so 
far exceeded expectations in achieving the target levels (END, June 2004).
4.3.4 Capital Grants and Incentives
There are a number of capital grant scheme and financial incentives that aim to improve the 
business case for renewables technologies. Much of this comes under the New Opportunities 
Fund and focuses on large scale generation from biomass-powered CHP and wind. A further 
substantial subsidy is allocated to research and development of new technologies such as wave 
and tidal power. Described below are the schemes that target renewable energy and efficiency 
technologies in buildings.
4.3.4.1 Major PV Demonstration Programme
A four-year programme began in March 2002 seeking to make considerable headway in 
securing a market and sustained growth for photovoltaics. The first phase provided £20m for 
50% capital grants to individuals and organisations willing to install PV systems. The scheme 
applies to both domestic and non-domestic sectors, and is split into two streams -  one for small 
scale PV installations (0.5kWp to 5kWp), the other for medium to large scale systems (5kWp to 
100kWp). To date there have been 380 capital grants awarded to small systems amounting to 
820kWp capacity, and in the medium to large scale sector 92 grants have amounted to 
3,132kWp capacity (Energy Savings Trust, 2004). The stream 2 medium to large scale 
programme recently received a further £5m to extend the scheme in this sector.
4.3.4.2 Clear Skies Scheme
The DTI has funded a £10m Clear Skies scheme to encourage householders and communities 
to realise the benefits of renewable energy. Householders can receive grants of £400 to £5,000, 
whilst not-for-profit community organisations can receive up to £100,000. The technologies 
eligible for this scheme are solar thermal, wind, micro-hydro, ground source heat pumps and 
wood fuelled heating systems.
By August 2004, 4,147 household grants had been made amounting to £2.4m. There have also 
been 232 community grants with funding of £4.4m. The scheme has recently received an 
additional £2.5m to extend it until March 2006.
4.3.4.3 Home Energy Efficiency Scheme and Warm Front
A scheme similar to the EEC in effect and aimed at the most vulnerable sectors of the housing 
sector is the Home Energy Efficiency Scheme (HEES) launched in June 2000 (DTI, July 2002), 
now marketed as Warm Front. It forms part of the Government strategy to tackle fuel poverty 
and offers insulation and heating measures to those that qualify for benefit. The cost of this 
scheme is borne by Government.
4.4 D iscussion of Current M easures
Within current UK policy there are measures in place that use every form of market persuasion 
technique to encourage a better energy performance from our buildings. There is legislation 
ensuring a common denominator of energy efficiency in new buildings (Building Regulations). 
There are fiscal measures in place using taxation (Climate Change Levy), and obligation with 
penalties for non-compliance (Renewables Obligation). There are capital grants available for 
different sectors of the market (New Opportunities Fund) that aim to ‘kick start’ new 
technologies to improve their business case for developers. There are targets in place founded
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in UK energy policy to achieve defined reductions in C02 emissions, and an increased 
contribution from renewables (UK Climate Change Programme). There is also an abundance of 
information and guidance available for all market sectors from Government-supported 
organisations like the Energy Savings Trust, the Carbon Trust, CIRIA, and the Energy Efficiency 
Best Practice Programme (EEBPP).
All these measures form part of the energy market landscape as it applies to the built 
environment, but as yet there is very little mainstream progress towards more sustainable 
energy design solutions. Innovative thinking towards alternative approaches remains in the 
demonstration and altruistic corner of the market. Potential sustainable solutions appear to be 
constrained by fear of investment risk and uncertainty, and those fears are being reflected in the 
capital and installation costs of non-mainstream plant and approaches. Addressing the risk 
perceptions of developers, manufacturers and utility companies is difficult without an increasing 
range of demonstration buildings that show installation costs falling and energy savings rising. 
However, this is compounded by uncertainties in the market landscape itself, from the 
continuance of political (and therefore financial) support to the access limitations that may be 
imposed by utility companies (e.g. net metering) and power network organisations in response 
to BETTA.
Another constraint is the lack of incentive to specify more efficient designs because fossil-fuel 
costs are so low. The Government’s priority is to ensure that consumers pay the minimum 
prices for gas and electricity. Comparing UK energy prices with Europe, it becomes apparent 
that one reason for greater adoption of renewable generation technologies in certain European 
countries is the higher energy prices that consumers have to pay, making the business case for 
non-fossil fuel generation more appealing. In 2002, UK electricity prices (inclusive of tax) were 
27.31 €/GJ (European Communities, 2003). This compares to the EU 15 average of 35.02 €/GJ, 
with Germany reaching 42.00 €/GJ and Denmark 57.61 €/GJ. The difference is starker for 
natural gas prices. The UK price in 2002 was 7.75 €/GJ, the lowest in the EU group of 15 
countries. The EU 15 average was 12.63 €/GJ, with Germany 13.17€/GJ and Denmark 19.98 
€/GJ.
There is clearly a conflict of priorities between maintaining affordable energy, both for industry 
and for the fuel-poor, and allowing new energy technologies to compete with established fossil- 
fuelled generators on an equal footing. The political constraints of not allowing UK 
competitiveness to suffer, and not penalising the voter by raising domestic fuel prices, all form a 
complex market landscape in which, to the decision-maker at the highest levels, the increased 
adoption of sustainable energy solutions in buildings forms just one priority amongst several.
Predicting the evolution of the existing measures to further encourage energy efficiency and 
carbon reductions from buildings is difficult given the range of measures in place and the 
number of market variables. Consultation for the next upgrade of Building Regulations is 
underway with the incorporation of the Energy Performance of Buildings Directive to be in place 
by 2006 across the EU. In addition to meeting the requirements of this Directive, other issues 
that are being considered for the 2005 amendment (ODPM, Oct 2003) include more definition 
on thermal bridging, increased standards for U-values and air tightness, inclusion of a built form 
criteria, lighting performance in SAP ratings, methods to test that as-built construction meets the 
design specification, and the incorporation of micro-CHP, solar thermal and other renewables 
like PV to at least enable their retrofit to the building. Further into the future, ideas include the 
inclusion of the embodied energy from the building elements in their material extraction and 
manufacture.
The fiscal measures currently in place like the CCL seem to be set at a cautiously low level that 
neither acts as a disincentive to reduce fossil fuel demand, or as an encouragement to use 
alternatives. While the possibility of an increase in the level of the CCL is ever-present, there 
have been no statements to this effect. The extension of the RO targets to 2015-16 will act to 
reduce some of the perceived risks involved with investing in renewable generation technology. 
However, this is more likely to influence the larger-scale developments, such as offshore wind, 
rather than building-embedded generation for which earning ROCs is only a small part of the 
business case.
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There is very little encouragement from utility companies to engage in expanding the net 
metering market. Changes in the infrastructure required to meet the intermittent two-way flows 
from a substantial wind or PV installation increase will require significant investment, and is 
likely to be beyond their pockets given the tight margins on electricity supply earnings at 
present. Increases in the buy-out price for ROCs may redress this balance to a degree as the 
renewables contribution that suppliers must achieve is raised, but this will undoubtedly be 
passed on to consumers, which will affect the affordability priority from Government.
In terms of the capital support for sustainable energy in buildings, Government focus appears 
more on the increase of the large-scale low-carbon generation sectors of offshore wind and 
biomass-powered CHP, and in enabling continued research into wave, tidal and transport 
solutions. While these represent potentially valuable and substantial reductions in carbon 
emissions for the UK as a whole, it appears that capital grants for building technologies have 
reached a peak that may be continued, or may reduce over time, but is unlikely to be further 
increased. The Government approach is that having initiated the development and 
implementation of building solutions, it is now for the marketplace to dictate the best way 
forward within its constraints.
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5 Application to Case Study Buildings
To discover how the energy market can be improved to better support sustainable energy 
solutions in buildings it is vital to test the application of alternative energy solutions on actual 
building designs and compare these with current traditional approaches. This involves the 
derivation of a ‘traditional’ baseline design for selected building types which is then evaluated 
against various alternatives of improved efficiency or sustainability performance applied to the 
same building.
5.1 Baseline Designs
Creating research that is applicable to the widest audience and number of sectors requires the 
choice of hypothetical buildings that incorporate features that are transferable to other designs 
and applications. The 18 Month Report (Atkinson, April 2004) described a large accommodation 
building, illustrated in Appendix C representative of that found in both public and private sector 
developments. This building will be assessed as both a new and an existing building using the 
principles set out below. The commercial and public (working) sectors are also to be included, 
and it is proposed to use a simple office design illustrated in Appendix C. The office must be 
large enough to warrant some of the more complex systems that can provide greater efficiency 
benefits without over-sizing and reducing the general applicability of the results.
While the focus of the assessment will be on the building services used in each case study, 
there are certain factors, such as lighting and passive heating that are influenced by the 
structural layout and envelope of the building. In these circumstances, variations in the design of 
the building will be applied with the minimum change to the external form that achieves the 
required efficiency improvements. This will be discussed further during the analysis of that 
particular aspect.
There are four hypothetical buildings that will be used for analysis listed in Table 2. This shows 
the use of both new buildings built to current (2002) Building Regulations, and examples from 
the existing stock built to comply with previous (1995) Building Regulation standards.
Table 2 Case study buildings for energy solution optioneering
Build Standard
Building Type Bldg Regs 
1995
Bldg Regs 
2 0 0 2
1 Residential v '
2 Residential S
3 Office v'
4 Office
The Building Regulations essentially dictate the efficiency of the services and the envelope 
formation for each building using compliant materials. The new buildings will be able to take 
advantage of integrated energy technologies, while the existing buildings will only be able to 
utilise retro-fitted solutions.
The template design for the residential building is a three-storey rectangular structure containing 
36 bedrooms with ensuite shower-room pods and desk space in 6  flats (two flats per floor). 
Each flat also has a common room, a utility room and a bathroom, and there is a central storage 
area on each floor by the stair well. A plant room is situated in the roof space. The ground floor 
plan is shown in Figure 14. The gross floor area for the building is 1112m2. Details of the 
residential block baseline design parameters are described in Appendix C.
The office design uses a simple rectangular two-storey building that has a mixed layout 
containing open-plan and cellular work areas, and seminar room space. There are two
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stairwells, a ground floor entrance lobby, and two WC cores on each floor. There is a plant room 
in the roof space. The gross floor area for the building is 1812m2. Details of the residential block 
baseline design parameters are described in Appendix C, and illustrated in Figures 15 and 16.
Details of the derivation of the baseline scenario, including envelope and plant specification, are 
more fully described in Appendix C. To determine the baseline for both building examples a list 
of design principles are developed (Tables 8 and 9) to represent the ‘traditional’ approach to 
design and specification. The main objectives of this approach are to:
• Ensure compliance with current Building Regulations.
• Meet Client requirements and 'fitness for purpose’ criteria.
• Provide the lowest capital expenditure solution.
• Ensure that longer term risks from maintenance and replacement are managed avoiding 
excessive future costs.
5.2 A lternative Energy Scenarios
The various energy scenarios that will be applied to the case study buildings will be chosen to 
represent the decisions that building designers face. The 18 Month Reporf4 described a 
number of design alternatives offering varying degrees of sustainability improvement covering 
most of the options facing the designer. From these the following energy scenarios will be 
applied to the four building types listed above.
The energy options are listed in Table 3 below. Five scenarios have been selected to best 
compare the standard ‘business as usual’ approach (BAU) that makes no specific attempt to 
improve sustainability performance with possible alternatives that address efficiency, generation 
and demand for the key functions in a building. The alternatives range from those concentrating 
on purely efficiency measures (INS), to technologies that generate heat and electricity from 
renewable sources (SOL & MIX). Included is a gas-fired microCHP option that effectively acts 
as a compromise between these two positions.
Table 3 Primary energy supply and demand scenarios
Scenario Domestic Hot Water (DHW)
Heating 
Ventilation & 
Cooling 
(HVACr
Electricity Artificial
(ELEC) Lighting (LIT)
Business-as- 
Usual (BAU)
gas-fired
condensing
boilers
gas-fired
condensing
boilers
grid grid
Solar (SOL) Solar Thermal
GSHP+ + 
passive 
heating/cooling
PV passive design + PV
Combined Heat 
& Power (CHP)
Insulated (INS)
Mixed
Renewables
(MIX)
microCHP
gas-fired 
condensing 
boilers ‘A’ rated
Solar Thermal
microCHP
condensing 
boilers with high 
spec insulation 
throughout
GSHP
microCHP
grid
small-scale wind
microCHP
grid with smaller 
than standard hi- 
spec windows
passive design + 
wind
t  G SH P - Ground source heat pump
$  Ventilation and cooling options will be selected differently for residential unit and the office unit to better 
represent current design practices.
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The majority of the alternatives require secondary systems for support when generation 
capacity is below demand. This means that a back-up boiler will be used to supply energy 
when, for example, there is low solar input or, in the case of microCHP sized to meet electricity 
demand, when heating requirement exceeds output. It is expected that these secondary boilers 
will be SEDBUK ‘A’ rated for efficiency (taken as 90% efficiency), can be sized below the 
standard baseline requirement, and will be operational for only a fraction of the year. In the case 
of electricity demand not being met by embedded generation systems, the grid network will 
supply the shortfall. In all cases, both the primary and secondary systems will be considered 
together in terms of cost and emissions from the energy solution scenario.
The methodology used to apply these scenarios to the case study designs is illustrated in Figure 
4. This flowchart describes the interaction between the energy demand and the potential 
generation profile of renewable energy technologies that will be determined on a daily, and an 
annual, basis. Examples of generation profiles are included in Figure 10 and 11, Appendix B. 
Not all scenarios will use renewable energy technologies as part of their solution.
The object of this stage of the research is to develop a matrix of energy performance for the 
various energy options and building types. This will then be used as a model for the following 
research phases that evaluate the cost-effectiveness of options, and to gain some form of 
ranking of external costs/benefits for each option. The results matrix will prove invaluable for the 
final research phase where sensitivity analyses are conducted to model the effects of variations 
in the energy market landscape and the changes this may produce on preferred building 
designs.
Baseline Building Design
Residential
Office
New build 
Existing
Alternative Energy 
Generation Profiles
• Wind
• Photovoltaics
• Solar thermal
• Ground source heat pump
• MicroCHP
• Daylight
Results
•  Imported energy requirement
a) Natural gas
b) Grid electricity
• C 02 emissions savings
• Capital expenditure
• Operational expenditure
• Connectivity, reliability & other 
issues
Figure 4 Scenario Application Methodology
An pilot assessment of some of the energy technologies as applied to both the residential and 
office units has been conducted. The technologies examined were solar thermal, microCHP, 
ground source heat pumps (GSHP), photovoltaics and wind. A summary of the results is shown 
in Tables 4 and 5. This initial assessment was undertaken to cover a 35-year project duration
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without the benefit of capital grants from the outset. Secondary energy systems have not yet 
been taken into account as these systems have been so far considered as stand-alone plant 
compared to the business-as-usual scenario.
Table 4 Pilot assessment data for residential unit
Technology output C a p ! ! f  
(MWh/yr) exPen<jhture
Operation + 
Maintenance
(£/yr)
Replacement
cost
(£)
Savings
(£/yr)
co2
saved
(tonnes/yr)
Solar
thermal 30m2 13.9 16,500 125 8,700 194 2.6
mCHP 5.3kWe 26.3elec62.1 therm 9,200 395 13,800 786 11.3
GSHP 40kW 55.6 8,885 1,615 6,325 190 9.5
PV 135m2 11.9 74,250 260 74,250 1,219 5.1
Wind 15kWp 29.0 40,338 528 35,000 2,885 12.5
* no capital grants are included as part of this calculation
Table 5 Pilot assessment data for office unit
Technology Output
(MWh/yr)
Capital*
expenditure
(£)
Operation + 
Maintenance
(£/vr)
Replacement
cost
(£)
Savings
(£/yr)
co2
saved
(tonnes/yr)
Solar
thermal 30m2 13.9 16,500 125 8,700 194 2.6
mCHP 10.6kWe 52.6elec 124.1 therm 18,400 789 27,600 1,571 22.6
GSHP 80kW 90.6 15,549 1,615 12,650 189 19
PV 379m2 15.0 208,450 350 208,450 1,177 6.4
Wind 30kWp 58.0 64,541 849 59,203 5,770 25.0
* no capital grants are included as part of this calculation
This data will be used as a starting point with which to develop each building-energy scenario, 
although further market assessment is required to verify the data above.
5.3 Results
The five energy design scenarios applied to the four building designs will generate a matrix of 
data for 20 possible building-energy combinations. From each of these, the results derived will 
focus on the costs, emissions and practicalities of each solution to enable a direct numerical 
comparison and provide input for the following multicriteria analysis stage.
The cost of a particular option is made up of a number of factors: capital investment; operational 
costs; maintenance costs and the replacement costs for a given assessment period. The capital 
investment, in addition to the cost of the plant and its installation, includes any grants or 
subsidies that may be available. Assessments will be conducted assuming both inclusion of 
grant support, and exclusion as there seems to be no guarantee that an appropriate project will 
be awarded funding. The operational cost essentially represents the fuel requirement from the 
total design, which is a function of the type of fuel used and the unit price for that fuel. 
Maintenance costs include the servicing regime and labour costs associated, plus the cost of 
consumables that are used (e.g. lubricants, filters) in the maintenance of the plant. The 
replacement cost depends upon the design life of plant and the cost of total, or partial, 
replacement at the time. For the purpose of this research, the design life will be taken as the
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warranty period plus a defined percentage that will be based upon product research as part of 
the Technology Review. The influence of the replacement cost is also dependent upon the 
assessment period.
Combining the range of costs described above will provide the Whole Life Cost of each design 
solution. To gain the benefit of many sustainable energy designs, the full life cycle must be 
considered to offset the often greater initial investment that is required. This process also allows 
changes over the design period to be incorporated, such as increases in fossil fuel prices or the 
CCL, for example. This will have a significant bearing during the final stage where alternative 
market landscapes are proposed and tested for their influence on the business case of 
sustainable options.
Another key result is the carbon emissions that are avoided by adopting alternative designs. 
The C 02 emitted from the operation of building services can be readily calculated from the fuel 
requirement of each building-energy combination (calculated as part of the operational cost) 
using DEFRA conversion factors of 0.43 kgC02/kWh for grid electricity and 0.19 kgC02/kWh for 
natural gas. These are standard conversion factors that are used by DEFRA for annual 
comparisons, and will be maintained at these values until 2010 (IEMA, Oct 2003). As the 
electricity generation mix changes over time, perhaps with a greater move to natural gas or 
even renewables, so the carbon emissions from the combined pool of generators will vary. The 
comparison of carbon emissions from the different building-energy combinations will give a clear 
indication of the solution with the lowest carbon intensity. This will join the cost data in the 
multicriteria decision phase.
A range of other issues will also be assessed as part of the Technology Review for inclusion 
into the decision-making framework. These will include system connectivity to local networks 
and the issues that exist around the potential for net metering from electricity suppliers. Also the 
reliability of the system output given that some technologies rely on intermittent power sources, 
such as wind and sun, and how these can be managed within the building and with the 
connection to the local grid. These and other issues that arise will be assessed using 
manufacturer, consumer and case study data from systems currently in operation in the UK to 
provide a ranking that links with the multicriteria methodology.
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6 Programme of Research
The research programme is set out in Appendix A and includes all aspects of the EngD from 
modules and holidays to the individual aspects of the research methodology. The aim of the 
programme is to allow sufficient time and distinct deadlines for the methodology progression, 
and to be able to link this with other commitments like the EngD Conference, 6 -monthly 
Progress Reports and Academic Papers submitted to industry journals. The programme shows 
the full 4-year schedule of work related to the EngD course as a whole.
Breaking down the aspects of the methodology shows the amount of time allocated to each 
activity and the links from one aspect to the next. The case study application stage has been 
allocated 25 weeks. This should ensure a very thorough and current data set, plus the 
derivation of a cost model for the 2 0  building-energy combinations that encompasses all the 
impacts of the energy design solution adopted. The first part of this stage will be the completion 
of the Technology Review which will incorporate product cost, lifecycle and connectivity data. 
The second stage will require the development of a simple spreadsheet tool that can model the 
affects of different design specifications and generate the range of results required.
The cost-benefit analysis stage has been given 9 weeks due to the relative brevity of the 
activity. The input data will have already been generated, so the first task will be to produce a 
set of discount rates that can be applied as part of a sensitivity analysis. The output of this 
exercise will be to derive the net present value (NPV) for each building-energy combination to 
enable a monetary ranking for each option.
The multicriteria analysis stage has been allocated 12 weeks, and will mostly involve the 
development of a project-specific MCDM tool that incorporates both the monetary input and the 
other factors that are defined by the sustainability agenda. Once the tool has been set up, 
option data will be input to generate a ranking of options that address the key considerations 
that affect the sustainability agenda.
The final stage of the research, the market landscape scenario testing, will take 26 weeks due 
to the complexities of incorporating the possible variations into the models derived. Initial work 
will ascertain 'whether particular market changes will actually produce benefits in terms of 
sustainability using the MCDM tool. From this, promising market scenarios will be applied to the 
CBA model and hence reflect any benefits to the business case and applicability for the 
technological solutions studied.
The final 12 weeks of the research period has been set aside to write up the work and complete 
the Thesis submission.
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7 Discussion
The aim of this research programme is to set out possible alternative market landscapes that 
will place sustainable development at the heart of the decision-making process for energy 
usage in buildings. The focus is on the UK building sector, and the energy efficiency and 
generation technologies that can form part of a building design. New buildings will be compared, 
alongside existing buildings, to a ‘traditional’ baseline notional building designed to just achieve 
compliance to Building Regulations to describe the current design decisions that energy 
designers must face in the current landscape.
The research will use a combination of desk-based literature and technology review to set out a 
complete picture of today’s market landscape. This will be followed by numerical analysis of a 
number of hypothetical approaches to sustainable energy solutions, in terms of economic 
performance, and the external costs and benefits that result from their adoption. Building 
solutions will be ranked using all these criteria, and compared to the current traditional 
approach.
The results of this analysis will be discussed and related to the energy market landscape in 
which buildings operate. At this point a number of market adjustments will be tested and 
assessed that aim to place sustainable development at the heart of energy decisions for 
building owners, designers and operators. There are a wide range of variables that affect the 
energy market landscape. Some are directly imposed by government policy, while others are 
affected by the availability and practicality of technologies, and of the priorities of the companies 
producing them. Further variables are beyond the influence of the UK energy sector, for 
example certain components of the unit price for fuels such as perceived security of imported 
supply. All these factors play a significant part in determining the energy choices made by 
engineers for the design of their buildings.
There are issues that will not be touched upon in much detail. Social factors, such as the 
willingness of the public, and of corporations, to commit to new technologies and practices will 
not be investigated. This would require social research into the risk perceptions, and perhaps 
the aesthetics and practicalities, of various approaches to energy design, involving sector 
surveys and analysis. Questions arise about the willingness of the energy user to be 
accountable and, in some part responsible, for the generation to meet their energy demand. 
These issues represent a key component towards the effectiveness of energy efficiency 
measures. In simple terms, if energy spend is reduced because of efficiency measures, will 
energy demand be similarly reduced (and therefore C02 emissions), or will demand increase 
because of the relatively small proportion of income that is then spent on energy?
The ability of particular technologies to effectively substitute existing less-efficient options will 
also not be discussed in detail. An example of this would be the use of low-energy lighting to 
replace existing incandescent tungsten or halogen fittings. The most appropriate measures will 
be adopted given the lux level required for the use. This will not, however, incorporate whether 
low energy fittings provide an equally acceptable working or living environment in terms of 
occupant comfort or aesthetics. It is assumed that the market will encourage new technologies 
to achieve, or even surpass, the performance of existing options through engineering solutions, 
and that it is simply a matter of time before appliances are directly substitutable.
It is hoped to derive an addition to knowledge by illustrating the linkages that exist between the 
building energy designer and the market strategies and limitations put in place by government 
and the energy market as a whole. In addition, some guidance will be offered as to the possible 
market landscape variations that could potentially produce sustainability benefits through 
changes in the specification of building services. Policy implications will be addressed from the 
perspective of the various stakeholders - building owner, designer and occupant -  and a 
number of long term solutions will be offered that will aid the adoption of sustainable energy 
choices in buildings.
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9 Appendices 
A Program m e of Research
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B Sum m ary of Technology Review  
Energy Efficiency
The firs t step to im proving  the  energy pe rfo rm ance  of a bu ild ing is to im prove  the e ffic iency  w ith 
w h ich energy  is used fo r va rious  func tions  w ith in  the  enve lope. This is an exam p le  of s tarting  
w ith  ‘the  low est hanging fru it ’ in tha t m ost e ffic iency m easures are cheape r and m ore e ffective  
than a lte rna tive  genera tion  op tions, and shou ld  be pursued in advance  of m ore  techno log ica l 
so lu tions.
E ffic iency of ene rgy w ith in  m ost bu ild ings refers to the am oun t of e lec tric ity  or na tura l gas tha t is 
requ ired  to fu lfil ce rta in  ob jec tives -  space heating to a com fo rtab le  tem pe ra tu re ; hot w a te r that 
sa tis fies  occupan t requ irem en ts  and avo ids leg ione lla  risks; su ffic ien t pow er to run o ffice  
equ ipm en t and o ther app liances  on dem and. The m ost e ffec tive  m easures are those  that are 
bu ilt into a new bu ild ing , such as the the rm a l p roperties  o f the  exte rna l w a lls  and g round floor 
slab, the size of the  w indow s or insta lla tion  of a g round source  heat pum p system . O ther 
m easures can be re tro fitted  to ex is ting  bu ild ings like  increased loft insu la tion , low -ene rgy  light 
fittings and condens ing  boilers.
Insulation
Insu la tion is requ ired  to p rov ide  a the rm a l barrie r tha t m ain ta ins tem pe ra tu re  w ith in  a heated 
space w ith  the  m in im um  escap ing. Thus the  e ffec tiveness  and e ffic iency of a space heating 
system  in a bu ild ing is d irec tly  a ttribu tab le  to how  w ell the  bu ild ing enve lope  keeps tha t heat 
inside. The inc lus ion of insu la tion  in the  in itia l construction  o f a bu ild ing is an essen tia l fac to r in 
its the rm a l pe rfo rm ance  ove r the length of its life. The  ab ility  to retro fit insu la tion  in an exis ting  
bu ild ing is econom ica lly  and phys ica lly  restric ted  to roo f space  and cav ity  w a lls . T ab le  6 show s 
the enve lope  e lem en ts  and approp ria te  insu la tion  to ach ieve  d iffe ren t s tandards.
w inoow s, doors 
ar»d rooflights  .
3 0 r  heated 4 Avsnags U-ualue = 2.0 Y2.? '0.45
Figure 5 Elem enta l U -va lues fo r 1995 and 2002 Bu ild ing R egu la tions respec tive ly
Table 6  Typica l spec ifica tions  to m eet insu la tion  standards (S ource: K nau f Insu la tion  Ltd, Dec 
2003)
Element Bldg Regs 
1995
Bldg Regs 
2 0 0 2
2 0 0 2  - 1 0 % 2002 - 25%
External
wall*
U-value 
(W/m2K) 
Insulation 
th ickness (mm)
Inner block 
specification
0 .4 5
65
m edium
0 .3 5
85
m edium
0 .3 2
85
standard
a ircre te
0 .2 6
100
ligh tw e igh t
a irc re te
Ground
floor
U-value
(W/m2K) 0 .3 5 0 .2 5 0 .2 3 0 .1 9
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Insulation 
thickness (mm) 50 75 100 150
Ground
floor
commercial*
U-value
(W/m2K)
Insulation 
thickness (mm)
0.35
15
0.25
20
0.23
25
0.19
50
Roof space 
floor (cold 
roof)
U-value
(W/m2K)
Insulation 
thickness (mm)
0.20
190
0.16
270
0.14
330
0.12
390
Roof
underside
U-value
(W/m2K) 0.20 0.20 0.18 0.15
(warm roof) Insulation 
thickness (mm) 160 160 175 210
* based on specification of standard cavity wall with brick outer leaf, full fill ‘Crown Dritherm Cavity Slab’ 
insulation, block inner leaf, internal plaster finish.
* using suspended timber construction assuming p/a (perimeter/area ratio) = 0.21, from baseline 
residential building, Figure 14.
* using insulation under concrete slab assuming p/a = 0.18, from baseline office building, Figure 15.
There is an optimum level of insulation specification that is reached when the trade-off between 
keeping heat inside and incorporating ventilation are considered together. Ventilation requires 
the ingress of fresh (cold) air and the egress of stale (warm) air to ensure comfort levels for 
occupants and avoid condensation problems within the envelope. While this heat loss through 
ventilation can be mitigated by a heat recovery system, high levels of insulation achieve a 
degree of control for heat loss when linked with low air permeability in workmanship and design 
detail and adjustable trickle vents.
Glazing
Windows are an important architectural feature that give an elevation its character and 
occupants a sense of place and perspective whilst inside a building. Windows also let in 
daylight, inform of conditions and events outside and allow the sun to warm the internal space. 
In temperate climates window sizes can be substantial, but they can also be very inefficient at 
keeping heat within the building envelope. However, glazing can be used to our advantage to 
add to the thermal and lighting properties of a building.
Passive Solar Heating and Daylighting
The objective of increasing the area of glazing in a building envelope is to substitute some of 
the requirement for both artificial lighting and space heating. Orientation and overshadowing are 
key considerations to allow both significant benefits from the solar resource and avoid 
overheating (Commission of the European Communities, 1991) and glare that will cause 
discomfort to occupants. Integration of some form of adjustable shading/blinds can help 
maintain a more constant and controllable temperature.
South-facing orientation allows maximum thermal gain from direct sunlight, but may create 
overheating without the addition of adjustable shading. North-facing windows and rooflights 
provide a more constant level of daylight that avoids overheating problems, and is particularly 
useful in offices where daytime heating is mostly provided by occupants and appliances.
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Figure 6 BedZED  housing deve lopm en t show ing  the  extent of sou th-fac ing  g laz ing  fo r day ligh t 
and passive  so la r the rm a l ga ins. (C ourtesy of B ioR eg iona l D eve lopm ent G roup  and  Bill D unste r 
A rch itects)
Therm a l P roperties
W hen inc lud ing  increased areas of g laz ing  in any design to ach ieve  the benefits  described  
above it m ust be borne  in m ind tha t a w indow  has m uch poore r the rm a l p rope rties  than an 
exte rna l w all, so the g rea te r the w indow  area, the  poore r the  the rm a l p e rfo rm ance  of the  
bu ild ing as a w hole . This  can be o ffse t using so la r heat ga ins from  sou th -fac ing  w indow s; 
how ever there  is a trade -o ff to be m ade to m itiga te  fo r tim es w hen there  is low  so la r a va ilab ility  
and cold tem pera tu res , i.e. during w in ter.
To ga in  the m ost benefit from  increased g laz ing w indow s need to be o f the  h ighest the rm a l 
spec ifica tion  ava ilab le . T ab le  7 show s exam p les of the the rm a l cha rac te ris tics  of P ilk ing ton  
g laz ing  units (P ilk ing ton  UK Ltd, Jan 2002) com pared  to 2002 Build ing R egu la tion  e lem en ta l 
s tandards.
Table 7 T ypica l U -va lues fo r h igh -pe rfo rm ance  g laz ing  com pared  to Bu ild ing R egu la tions 
(O D PM , 2000) s tandards
Window Specification* U-value (W/mzK)
Build ing Regs 1995 L 3.0
Build ing Regs 2002 L1 & L2 (m etal fram e) 2.2
Build ing Regs 2002 L1 & L2 (w ood or PVC fram e) 2.0
P ilk ington low E ‘K ’ g lass, tim be r fram e, a ir-filled  16m m  cav ity 2.0
P ilk ington low E ‘O p titherm  S N ’ g lass, tim be r fram e, a rgon-filled  12mm
1.8cav ity
P ilk ington low E ‘O p tiflo a t’ outer, ‘O p titherm  S 2 ’ inner, Insu la ting G lass 
U nit (IG U ), a rgon-filled  14m m  cavity
1.1
External W a ll (B u ild ing Regs 2002 L1 & L2) 0.35
* All units in this example are double-glazed. For further thermal benefits triple-glazed windows are 
available.
C arefu l des ign  of w indow  fram es and c losu res  is requ ired  to m in im ise  the  e ffec ts  of co ld 
bridg ing and to e lim ina te  d raugh t p rob lem s. Even tim ber-fram ed  w indow s inc lude  m eta l space rs  
tha t c rea te  a degree  of bridg ing , a lthough these  fram es are like ly  to be the  best pe rfo rm ing . 
M eta l-fram ed w indow s a llow  m uch g rea te r leve ls  of therm a l bridg ing to occur, hence  the 
increased U -va lue  a llow ance  in the Build ing R egu la tions.
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Domestic Hot Water
A num ber o f fue l types are used across the UK for heating w a te r fo r dom estic  use, both in 
res iden tia l and com m erc ia l scenarios . The m ost com m on is natura l gas, a lthough  e lec tric ity  is 
often spec ified  fo r po in t-o f-use  w a te r heating  in com m erc ia l bu ild ings. Th is  research  w ill focus 
on gas-fired  bo ile rs as being rep resen ta tive  o f the  bu lk of the res iden tia l m arke t and 
ins tan taneous  e lec tric  w a te r hea te rs  fo r the sm all com m erc ia l bu ild ing  m arket.
C ondens ing  Boilers
T he m ost e ffic ien t conventiona l bo ile rs  ach ieve  ou tpu t e ffic ienc ies  of up to 82 .1% , ach iev ing  a 
'C ’ rating in the S E D B U K 3 range (D E FR A , 2004). This is because  the design  inhe ren tly  a llow s 
w aste  hea t and vapour to  be re leased to the  a tm osphere . C ondens ing  bo ile rs are a m ore recen t 
techno logy, w ith  e ffic ienc ies  rang ing be tw een 84%  and 91 .3% , recove r som e of the w aste  heat 
by condens ing  w a te r vapour in the  flue  gas.
Band SEDBUK range
m 90% and above
EH 86% - 90%
m 82% - 86%
ED 78% - 82%
l i i ) 74% - 78%
m 70% - 74%
below 70%
Box 3 E nergy e ffic iency  bands fo r bo ile rs (cou rtesy  o f DEFR A)
Announced  in the Energy W h ite  Paper an tic ipa ted  am endm ents  to  the  Bu ild ing  R egu la tions in 
2005 have se t m in im um  e ffic ienc ies  fo r bo ile rs o f S E D B U K  Band A and B. Th is  is p roposed  to 
com e into a ffect 1st A pril 2005, and m eans tha t conventiona l bo ile rs w ill no longer be ab le  to  be 
used in new  bu ild ings or m ajor re fu rb ishm en ts  (O D PM , O ct 2003) and condens ing  sys tem s w ill 
be e ffec tive ly  m andatory . A part from  the  d irec t im p lica tions  of th is  m easure , the re  is a lso  con flic t 
w ith the cu rren t lim ita tions on the  bu ilt-in  seconda ry  bo ile rs  of m icroC H P  sys tem s w h ich  are 
necessarily  conventiona l in design.
M icro-C H P
C om bined  heat and pow er sys tem s use a natura l gas input to  p roduce  both hot w a te r and 
e lec trica l pow er. In s im p le  term s, the system  w o rks  as a gas-fired  e lec tric ity  ge n e ra to r tha t a lso 
p rov ides w as te  heated w ater. The e ffic iency of the w a te r heating  p rocess is equ iva len t to an 
e ffic ien t non-condens ing  bo ile r (up to 90%  e ffic iency).
The m icroC H P  system  does not rem ove the need fo r a secondary  bo ile r, and s iz ing  of the 
system  is im portan t so tha t as m uch e lectrica l ou tpu t can be used as poss ib le . S iz ing  is 
de te rm ined  by the e lec trica l requ irem ents  of the  bu ild ing , so sum m er opera tion  can p roduce  an 
excess in w as te  heat tha t e ffec tive ly  needs to be ‘d u m p e d ’. W in te r loads can be exceeded  
requ iring a b rie f supp lem en t from  a back-up  bo ile r. C urren t sm all sys tem s a im ed  at the  
ind iv idua l dom estic  house m arke t incorpora te  the seconda ry  bo ile r into the ir sys tem , but fo r 
som e reason th is seem s to p rec lude  the use of condens ing  te chno logy  -  re ly ing upon 
conventiona l e ffic ienc ies  fo r back-up  heating.
3 S E D B U K  -  S easona l E ffic iency of D om estic  Bo ile rs in the UK.
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Dachs microCHP system
• 5.3 to 5.5 kWe gross electrical output
• 10.4 to 12.5 kWth heat output
• Overall fuel efficiency between 92% for gas fuel
• Modular design capability
• Compact, integrated package design
• Noise levels as low as 52 dB(a) at 1 metre
• Liquid and gaseous fuel options available
• 80,000 running hour design life
Figure 7 D achs m icro  C H P system  (courtesy of Baxi T echno log ies  UK)
The key benefit of m icroC H P  is tha t the  e lec tric ity  genera ted  is p roduced  from  gas (0.19 
kgC C V kW h) on site. This m eans tha t both the carbon  em iss ions from  the grid  m ix genera tion  
(0.43 kgC C V kW h) and the transm iss ion  and d is tribu tion  losses (around 8%  in the  UK) are 
avo ided. A lso , the unit p rice fo r e lec tric ity  is around 3 - 4  tim es m ore than fo r gas, g iv ing a 
m one ta ry  saving from  m icroC H P .
Space Heating, Ventilation & Cooling
G round S ource Heat Pum ps
G round sou rce  heat pum ps can be used e ffic ien tly  to  a heat a house by d raw ing  heat from  the 
ground, concentra ting  it and de live ring  it to  the  build ing. S ystem s use a pum p and co m presso r 
to rem ove heat from  one side of the  c ircu it and e ject heat to  the o the r side. P um ps use 
e lec tric ity  fo r the ir opera tion  and users m ay cons ide r subscrib ing  to a g reen  ta riff schem e, w h ich  
p rom ote  the use of renew ab les by pow er genera to rs . S ystem s m ust use a non -reve rs ib le  c losed  
loop g round source using e ither a bo reho le  or trench. Typ ica l system  pe rfo rm ance  requ ires  
100kW  of e lec tric ity  to prov ide  400kW  of heating (C oeffic ien t o f P erfo rm ance of 4).
A typ ica l exam ple  tha t m ay be rep resen ta tive  of the type and size of system  a pp rop ria te  to th is 
research is a large o ffice  in C heste rfie ld , D erbysh ire  bu ilt fo r C heste rfie ld  B orough C ouncil. This  
th ree -s to rey  bu ild ing requ ired a system  tha t w ou ld  prov ide  the to ta l heating and coo ling  dem and  
th roughou t the year. T he  system  used 32 bo reho les  each of 70m  depth. The heat tran s fe r flu id  
w as light an tifreeze , and th is w as linked to both w a te r-to -a ir and w a te r-to -w a te r heat pum ps. 
This prov ided  166kW p heating and 175kW p coo ling .
S ystem s can be m ade using a va rie ty  of m ethods. Heat trans fe r flu ids can be an tifreeze  or 
brine. Heat exchange  p ipes can be looped in bo reho les or laid ho rizon ta lly  in fla t co ils, under 
car parks fo r exam ple , or in trenches a longs ide  the bu ild ing. G roundw a te r sys tem s a lso ex is t fo r 
pa rticu la rly  approp ria te  locations, a long w ith a ir source heat pum ps w h ich  p rov ide  a fa r less 
expens ive  ‘heating b o os te r’ ra ther than a com ple te  heating system .
This techno logy  is an energy e ffic iency m easure, ra ther than a renew ab le  or a lte rna tive  fo rm  of 
genera tion . It uses e lectric ity , w h ich can be from  the  grid  or from  a renew ab le  source , to ex trac t 
3 - 4  tim es the  quantity  of therm a l output. W hen linked to a renew ab le  pow er sou rce , such as 
w ind  or PVs, the  e ffective  benefits  of tha t pow er source  can be trip led  by avo id ing  the  em iss ions  
and cost of g rid  e lectric ity . The fact tha t the reduction  in natura l gas dem and  fo r space  heating 
using ground source system s is in the form  of cheap  gas, w h ile  the energy requ ired  to ope ra te  
the system  is e lec tric ity  (and the re fo re  m ore expensive) m eans tha t th is  type of system  w ill be 
m ost e ffective  w hen linked to an e lec tric ity  genera tion  sou rce  tha t p rov ides  pow er fo r an 
opera tiona l cost of near-zero  (i.e. w ind & PV).
G round source  heat pum ps are an estab lished  techno logy, w e ll used pa rticu la rly  in S cand inav ia  
and the USA. T here  are un like ly  to be s ign ifican t cost reductions th rough any m arke t expans ion  
in the  future.
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Figure 8 H eat exchange  ‘s lin ky ’ being insta lled  fo r g round  source  heat pum p system  (courtesy 
of K ensa Eng ineering)
Heat R ecovery
M uch of the  heat in a bu ild ing is lost th rough ven tila tion  losses. Up to  70%  of th is  can be 
rec la im ed th rough heat recovery  to  tem pe r incom ing  air. Th is  can have a s ign ifican t e ffec t on 
the overa ll ene rgy pe rfo rm ance  of the ven tila tion  system .
Using a m echan ica l ven tila tion  system , the  incom ing  fresh  coo l a ir is passed ove r the  ou tgo ing  
sta le  w arm  air. The  a ir flow s  are separa ted , so no m ixing occurs, but the  hea t is trans fe rred  to 
the incom ing air, ra is ing its tem pe ra tu re  to  a round 15°C be fore  any active  hea ting  has taken  
p lace from  a cen tra l heating system  (V ent-A xia , 2004).
As w ell as the c lear benefits  from  reducing the  dem and  on a build ing hea ting  system , the re  are 
add itiona l health  benefits  from  con tro lled  hum id ity  and condensa tion  and the  inc lus ion  o f filte rs  
to rem ove con tam inan ts . H ow ever, the re  is c lea rly  a pow er dem and fo r th is  sys tem  above  tha t 
requ ired by a ven tila tion  system  alone.
Artificial Lighting
In o ffices ligh ting can account fo r up to 30%  of to ta l e lec tric ity  b ills. L ights are o ften  on all day, 
even w hen the re  is m in im a l occupancy during  tha t tim e. There  are tw o app roaches  requ ired  to 
ach ieve  substan tia l reduction  in the  ligh ting  ene rgy  dem and  for a bu ild ing . F irstly, the  
spec ifica tion  of low -w a ttage  ligh ting  can d ram a tica lly  reduce the pow er requ irem en t fo r the 
sam e lux level in a room . A pp ly  th is across a bu ild ing by in troduc ing , fo r exam ple , 13W  com pact 
fluo rescen t bu lbs in place of 60W  incandescen t tungsten , and the reduction  in pow er d em and  is 
substantia l.
T he  second approach  is to m anage the am oun t tha t ligh ts are used. Th is  en ta ils  in troduc ing  
au tom atic  ligh ting  con tro ls  tha t can use tim er sw itches, occupancy  (PIR) senso rs  and /o r day lig h t 
recep to rs. T hese system s con tro l the  use of a ligh t ensuring  tha t it is on ly  in opera tion  w hen  it is 
ac tua lly  requ ired.
To m axim ise  the po ten tia l benefits  from  reducing pow er dem and  both these  a pp roaches  shou ld  
be em ployed , and can be fu rthe r enhanced by in tegra ting  passive  ligh ting  into the  design  o f the  
bu ild ing form , as d iscussed  above.
EngD Environmental Technology: Sustainable Building Services by Design
2 Year Dissertation: Market strategies to encourage sustainable energy solutions in buildings
44
URN 3247155 Jon Atkinson
Sept 2004
Figure 9 C om pact fluo rescen t light des igns (cou rtesy of N R E L, USA)
Embedded Low Carbon Generation
Electricity
Em bedded e lec tric ity  genera tion  is a te rm  used to denote  low carbon genera tion  techno lo g ie s  
tha t are located w ith in , or next to, a bu ild ing or a com m un ity . They are sm all in s ize , a m atte r of 
a few  kW  in capacity , and can be grid connected  or iso la ted. E m bedded genera tion  o ffe rs  the 
key benefit of reducing  the transm iss ion  and d is tribu tion  losses tha t are inhe ren t in g rid  supp ly, 
am ounting  to a round 8%  losses across the  UK. Th is  research focuses  on a grid  connec ted  
genera tion  system  to a llow  fo r excess genera tion  to  be exported  to  the g rid , w h ile  tim es o f low  
genera tion  can be supp lem en ted  by grid im ports. By adopting  th is  type of system  the  need for 
pow er s to rage  is rem oved.
In te rm s of bu ild ing  designs, the m ain cons ide ra tions  revo lve  around the  o rien ta tion  and s iting  of 
the bu ild ing , and w he the r the system  is for a new  or an ex is ting  struc tu re . W h ile  re tro fitted  
genera tion  system s can be read ily  added to an existing  bu ild ing, b u ild ing -in teg ra tion  in to new 
des igns poses a num ber of benefits  both fo r aes the tics  and system  e ffic iency.
P hotovo lta ics
P hotovo lta ics  (PV) are a te chno logy  tha t uses so la r rad ia tion  (dayligh t) to genera te  e lec tric ity . 
The  techno logy  w as  firs t u tilised fo r pow ering  sa te llites, but it is now inc reas ing ly  used to m eet 
e lec tric ity  requ irem en ts  around the  w orld , pa rticu la rly  in loca tions w ithou t access to a grid . PV 
ce lls  can be c lass ified  into tw o main types - crys ta lline  s ilicon (m ono or poly) w h ich  have about 
90%  m arke t share, and th in film  (am orphous s ilicon, cadm ium  te llu ride , copper ind ium  d ise ln ide) 
w h ich have the po ten tia l fo r low  cost au tom ated  p roduction  in the fu ture .
The e lec tric ity  p roduced is in itia lly  in DC form  tha t can e ither be used d irec tly  fo r pa rticu la r 
purposes (e.g. ba ttery charg ing), or can be passed th rough a tran s fo rm e r to p roduce  AC 
e lectric ity . Th is  can then be in tegra ted  into the norm al c ircu its  w ith in  bu ild ings  to d irec tly  
substitu te  im ported e lec tric ity  from  the grid.
T here  is a huge w orld  m arke t fo r th is techno logy  and as such the DTI has been supporting  a 
range of activ ities in the PV area. S ince the mid 90s it has run a R esearch and D eve lopm en t 
P rogram m e th rough  the  E nergy T echno logy S upport Unit (ETSU ), now know n as Futu re  E nergy 
S o lu tions (FES). S ince 2000, the PV R&D P rogram m e has a lso  been fund ing  a series of Field 
T ria ls  know n as the M ajor PV D em onstra tion  P rogram m e. The cap ita l costs of PVs have been 
d iscou rag ing  for all but dem onstra tion  pro jects. M anu factu re  costs con tinue  to decrease  but at a 
d im in ish ing  rate. H ow ever, the recent in troduction  o f a S harp  m anu factu ring  p lant in E urope is 
expected  to s ign ifican tly  reduce  cap ita l costs fo r ins ta lla tions in the region. Up until recen tly , all 
PV m anufactu re  took p lace in USA and Japan.
S un ligh t is c lea rly  an un re liab le  pow er source  and o ffe rs  on ly in te rm itten t genera tion . F igure  10 
show s the seasona l va ria tion  tha t occurs in the  inso la tion , or pow er ava ilab le  from  the  sun, fo r 
London. W hile  PVs on ly requ ire  day ligh t to produce  pow er, d irec t sun ligh t w ill g rea tly  inc rease
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output. This is pa rticu la rly  the  case  fo r c rys ta lline  ce lls, w h ich can a lso su ffe r from  
ove rshadow ing . A m orphous  s ilicon arrays, w h ile  being of a low er overa ll e ffic iency, are  less 
a ffected  by va ria tions  in the  in tensity  of the  sun light. T hey  a lso can be m ade to be m ore robust 
and flex ib le  in design , w h ich  can increase the  poten tia l app lica tions.
Average Insolation Rates
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Figure 10 Annua l ave rage  inso la tion  rates (S ource : N AS A - S urface  
m eteo ro logy & so la r energy data  set, 2004)
W ind
W ind  pow er is now  an es tab lished  form  of renew ab le  e lec tric ity  genera tion  at a range of sca les. 
W ind  tu rb ines  range from  3M W  o ffshore  struc tu res to 600W , or sm aller, m icro -w ind  app liances  
com m on ly  seen on yachts, and occas iona lly  on s tree t fu rn itu re . Large tu rb ines  w ill a lw ays 
benefit from  the ir sca le  in te rm s of pow er-to -inves tm en t ratio  and the  m a in tenance  requ irem en ts  
during  the life of the plant. M icro -w ind  tu rb ines  typ ica lly  have w a rran ty  pe riods of 2 -  5 yea rs  
due  to the high ve loc ity  of the  va rious  parts. They can be expected  to  last up to  a round 10 
years, a lthough new des igns are im proving  th is. Large w ind  tu rb ines  w ill last fo r 25 years  be fo re  
m ajor overhau l is requ ired.
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Figure 11 A verage  w indspeed  at 10m A G L at B oscom be Down (estim a ted  fo r 10m A G L using 
figu res from  DTI fo r 25m  AG L)
W indspeeds va ry  seasona lly , as show n in F igure 11, and are unpred ic tab le  on a da ily  bas is  
producing  an in te rm itten t e lec tric ity  supp ly. The m ore cons is ten t the  w ind  is at a site, the  g rea te r 
the econom ic  case is for ins ta lling  such a system . W indspeeds  are g rea te r and m ore co n s is te n t
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at h igher e leva tions, w ith  m ore pow er ava ilab le . H ow ever, the he ight of a tu rb in e  is like ly  to  be 
res tric ted  by P lanning constra in ts , pa rticu la rly  in urban areas.
D esp ite  th is  m icro -w ind  can p rov ide  a low -cost so lu tion  to reducing  e lec tric ity  requ irem en ts  fo r a 
bu ild ing. They can be des igned  to  be easily  access ib le  for m ain tenance, and m odern  des igns  
have low noise levels. W ind  can be iso la ted from  the grid, but fo r th is research  g rid -connec ted  
system s w ill be cons idered .
R enew able Devices S w ift Rooftop W ind
E nergy System ™
•  Em bedded renew able electrica l energy
• R enewable heating system  which augm ents 
existing hot w ater system
• 20 year product life w ith low m aintenance
• Rated power output: 1.5 kW
• Annual Power Supplied: 4200 kW h
• Design enables use of turb ine in turbu len t 
air flows
• S ilent mast m ounting technology e lim inates 
unwanted vibration to build ing
• w w w .renew abledevices.com /sw ift.h tm
Figure 12 M icro-w ind  system  (courtesy of R enew ab le  D evices Ltd)
Heat and Hot Water 
S olar Therm al Heating
A ctive  so la r heating system s convert so lar rad ia tion  into heat w h ich can be used d irec tly  as hot 
w a te r, stored fo r use in the fu ture , or less com m on ly  converted  to  e lec tric ity . Due to the  c lim a te , 
active  so la r heating in the UK is best su ited  to low  tem pera tu re  heating app lica tions , w h ich  do 
not requ ire  d irec t sun ligh t. The m ost com m on of these is the  p rov is ion  of hea t fo r D om estic  Hot 
W a te r (D H W ) system s. These system s cons is t of so lar co llec to rs , a p rehea t tank  (op tiona l), a 
pum p, a con tro l unit, connecting  p ipes, the norm al hot w a te r tank, and a conve n tio n a l heat 
source  (a s tandard  so la r system  in the UK cannot p rov ide  enough heat to supp ly  hot w a te r at 
the  des ired  tem pera tu re , th roughou t the year).
T he  co llec to rs  are usua lly m ounted on the roof and prov ide  hea t to a flu id  c ircu la ted  be tw een  
the co llec to rs  and a w a te r tank. In m ost D H W  system s, on ly the  co llec to rs  are v is ib le , and  can in 
one of tw o form s: fla t p late or evacuated  tube. F lat p la te  co llec to rs  are the che a pe r op tion  and 
are genera lly  advised  w here  there  is am ple  roof a rea as they opera te  at a low er e ffic iency. 
E vacuated  tube  arrays, show n in F igure 13, are m ore e ffic ien t at tu rn ing  sun ligh t in to hot w a te r, 
cove r a sm a lle r area and are m ore expensive.
Figure 13 E vacuated  tube  so lar the rm a l a rray  (cou rtesy of V iessm ann)
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Active solar heating systems can also be used to provide space heating in houses; however, 
this is not common because large areas of collectors needed to supply heat in winter when it is 
required. The other major use for active solar technology in the UK is for swimming pool 
heating. A collector area equivalent to more than half the pool area is usually required.
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C Derivation of Baseline Buildings  
Residential
The design p rinc ip les  fo r the  res iden tia l un it are sum m arised  in Tab le  8, and rep resen t a s im ple  
com p lian t so lu tion  requ iring  a m in im um  cap ita l ou tlay. L ittle cons ide ra tion  has been g iven  at th is 
s tage to the  w ho le  life m anagem ent of the design. The  bu ild ing is occup ied  by 36 people  
g rouped into 6 fla ts  on th ree  floors.
ilUiCru
:J ICC'. :S JviG.f
Figure 14 G round floo r plan of res iden tia l unit used as tem p la te  design  (from  design  by S co tt 
B row nrigg  A rch itec ts  fo r A sp ire  D efence)
Table 8 D esign p rinc ip les  fo r res iden tia l unit
Design Criteria New Building Refurbished Existing 
Building
E nve lope  U -va lues
• exte rna l w a lls ; open ings; roof; floo rs
• (re fer to F igure  5)
C om plian t w ith  Build ing 
Regs. 2002 Part L1 
E lem enta l va lues
C om p lian t w ith  Bu ild ing 
Regs. 1995 Part L 
E lem en ta l va lues
W indow  area 25%  of G FA 2 2 .5%  of G FA
S pace heating source G as-fired  condens ing  
boiler; e ffic iency  = 86%
G as-fired  conven tiona l 
bo ile r; e ffic iency  = 75%
DHW  heating source As above As above
E lectric ity  source Grid Grid
Lighting spec ifica tion
(app lies to both new  & re fu rb ished
bu ild ings)
E xternal lights are on day ligh t sensors, 
o therw ise  no o ther au tom atic
F luorescen t T8 
Incandescen t T ungsten  
Low V o ltage  Halogen 
C om pact F luo rescen t 
Halogen
66 no 36 W  
96 no 60 W 
84 no 35 W  
53 no 21 W 
2 no 150 W
m anagem ent system  em ployed .
V en tila tion  •  O penab le  w indow s in bed room s and com m una l
(app lies to both new & re fu rb ished  room s.
bu ild ings) •  M echan ica l ex trac t from  show er-room s.
Office
The o ffice  bu ild ing is based on a s im p le  na tu ra lly -ven tila ted  tw o -s to rey  design , using the 
p rinc ip les  listed in Tab le  9.
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Figure 15 G round floo r of office unit used as tem p la te  design (from  design  by B roadw ay 
M alyan a rch itec ts  fo r A sp ire  Defence)
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Figure 16 F irst floo r of o ffice  unit used as tem p la te  design  (from  design by B roadw ay M alyan 
a rch itec ts  for A sp ire  D efence)
Table 9 Design p rinc ip les  fo r office unit
Design Criteria New Building Refurbished Existing 
Building
Enve lope  U -va lues C om plian t w ith  Build ing C om p lian t w ith  Bu ild ing
• exte rna l w a lls ; open ings; roof; floo rs Regs. 2002 Part L2 Regs. 1995 Part L
• (re fe r to F igure  5) E lem enta l va lues E lem enta l va lues
W indow  area 25%  of G FA 22 .5%  of G FA
Space heating source G as-fired  condens ing G as-fired  conven tiona l
bo ile r; e ffic iency  = 86% boiler; e ffic ie n cy  = 75%
DHW  heating source Instan taneous e lec tric Ins tan taneous e lec tric
w a te r heater w a te r hea te r
E lec tric ity  source Grid Grid
L ighting spec ifica tion F luo rescen t T8 248 no 36 W
(app lies to both new  & refu rb ished Incandescen t Tungsten 17 no 60 W
bu ild ings) Low V o ltage  H alogen 20 no 35 W
External lights are on day ligh t sensors, C om pact F luo rescen t 10 no 21 W
o therw ise  no o ther au tom atic H alogen 1 no 150 W
m anagem ent system  em ployed.
V entila tion M echan ica l w ith  air- M echan ica l w ith  air-
(app lies to both new  & re furb ished cond ition ing . A ir cond ition ing . A ir
bu ild ings) pe rm eab ility  to m eet pe rm eab ility  to m eet
Build ing Regs L2 2002 B u ild ing Regs L 1995
(10 m 3/h /m 2 @  50 Pa). (11.5 m 3/h /m 2 @  50Pa).
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Research Question
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption of the principles of sustainable development, what form would this landscape take, 
and how would the market operate?
Description of Research
The purpose of this research is to first identify the key parameters in the energy market that 
influence energy design solutions in buildings. This will be done using examples of residential 
and commercial buildings upon which to compare a range of low carbon designs against a 
traditional baseline solution. These solutions will focus upon the whole life commercial viability 
and the carbon savings achieved. Other external factors will also be considered using a 
multicriteria analysis ranking method:
The second stage then uses the market landscape parameters as variables to test possible 
market strategies that would encourage a greater adoption of sustainable energy designs. 
Changes will be returned to the design solutions using the example buildings as before, so that 
the impact can be assessed from an energy designer’s perspective.
The research studies specifically the UK energy market as it applies to the residential and 
commercial sectors. Assessments will be conducted on ‘as-designed’ building case studies, and 
will not include any comparable post-construction testing. The case study buildings are based 
on real buildings from Project Allenby/Connaught, but'it is not expected that they will be 
operational in time to provide comprehensive data as input into the energy model. The energy 
technologies incorporated into the building-energy combinations for analysis will exclusively be 
current systems that are not now reliant upon further research and development prior to market- 
readiness. The period of assessment will cover the full life cycle of the building, to allow for 
subsequent maintenance and replacement considerations to be taken into account.
The results will provide a range of possible policy and market changes, and their respective 
impact on the energy design, and hence carbon performance, of buildings.
Definitions
Energy Market Landscape
Investment decisions in energy technologies operate in a de-regulated energy market in the UK 
that is constrained by a number of influencing parameters. The impact these constraints have 
on the designers and specifiers of energy systems in buildings are devised to achieve certain 
objectives in economic, environmental or social terms for stakeholders in the market. This 
research looks at the market setting that could be used to promote a more sustainable approach 
to energy design, with specific focus on the carbon emissions over the life of a building.
From the perspective of the energy designer, the constraints that define the energy market 
landscape can be considered in terms of commercial, regulatory, technology and accessibility 
factors. These factors represent the variables that effect the decisions made by designers and 
clients, and which can be changed to alter those decisions. The way that the energy market 
landscape influences those decisions is the foundation of this research, leading to insight into 
how changes to the market landscape can encourage the adoption of more sustainable energy 
solutions in buildings.
The energy market landscape, as it relates to the built environment, comprises a range of 
factors and variables, and not all are government controlled. Fig. 1 illustrates the influential 
components of the market landscape as it applies to buildings. While the regulatory and fiscal
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setting in which the market operates is a key backdrop for energy decisions, other factors such 
as network accessibility and net metering, capital, installation and maintenance costs of plant, 
fuel prices and the type of contracts employed by clients are not under the direct control of 
government in the UK.
C O NSUM ERS  
Capital cost 
Operational & 
maintenance costs 
Technological risk & 
fitness for purpose' 
Profit margin
G O VE R N M EN T
Regulation & legislation 
Fiscal mechanisms 
Fiscal support 
Targets & benchmarks 
Guidance
UTILITIES & N ETW O RK S  
Fuel costs
Network access & integrity 
Net metering 
Supplier vs. ESCO
Figure 1 Influential components of the energy market landscape for 
buildings
Research Methodology
Modelling the influence of the main market components for energy design will form the core of 
this project. A baseline model will be derived using a traditional ‘business-as-usual’ approach to 
residential and commercial design based in the current market landscape. Different approaches 
to energy design will then be applied to the baseline buildings using technologies and designs 
appropriate to achieve specific design criteria devised to reduce the carbon intensity of the 
operation of the building. The business case for these options will be formed using the current 
market landscape to highlight the current shortfalls that contribute to hindering the progress of 
low carbon design.
Figure 2 shows the research methodology that will enable a range of variables to be assessed 
as they impact upon building energy design. The building-energy model will have two streams: 
financial appraisal and an analysis of external factors using multicriteria decision ranking. The 
external factor assessment is included to provide insight into possible reasons for government 
measures that may be adopted in the future. These would take into account social and 
environmental concerns that would otherwise not feature in a commercial model. Factors such 
as carbon emissions, other pollutant emissions, operational noise levels, and other nuisance 
impacts, can all be incorporated using data and literature from existing publications. The 
performance of each building-energy design in terms of the external factors will be added to the 
business case to form a decision matrix representing the costs and benefits of each option.
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Output
Literature Review Technology Review
Case Study 
Application
. Financial 
Appraisal
Multicriteria 
Decision Analysis
Market
Scenario
Selection
Figure 2 Research methodology schematic
The output of the model, in the form of commercial and external factor performance, is then 
used to determine a range of landscape alterations that can be applied to improve the case for 
sustainable design solutions. These changes will be resubmitted to the model to determine any 
change to the business case and sustainability performance to the building-energy design 
solutions. This will be an iterative process incorporating sensitivity analysis techniques and 
existing literature on current and future energy markets and building designs and services.
The over-riding objective of this methodology is to use case study building designs to 
demonstrate the influence of changes to the energy market landscape that could encourage 
sustainable, and more specifically low carbon, energy design solutions. This should inform both 
energy designers and the stakeholders of the market landscape, e.g. government, utility 
companies or clients.
Building-Energy Assessment Period
The time period over which different energy solutions are analysed is of critical commercial 
importance for investment decisions. Using a discounted cash-flow analysis method to 
determine the viability of whole-building energy designs requires both the period and the 
discount rate to be fixed. A discrete range of discount rates will be tested using known 
government and business approaches that represent the pressures for return on invested 
capital that these two standpoints require.
Different technologies and approaches have different life spans. For example, boilers & CHP 
will last around 15 years, insulation will last 30, PVs and solar thermal arrays 20, and ground 
source heat pumps will be 15-20, but with the underground coils about 40 years. It is considered 
that the appropriate assessment period is the design life of the building, to be taken as 60 
years. Within this timeframe there will be minor, major and total plant replacements. These 
recapitalisations will be incorporated into the financial appraisal of each building-energy 
combination at the appropriate time, so that commercial viability of a particular solution will be 
considered over the design life of the building as a whole.
This approach does require certain assumptions such as future energy prices, supply security 
and access, and future evolutions of technology at plant replacement intervals. There is also an 
assumption that government and corporate energy policy does not significantly change, and 
that the nature of the energy requirement in buildings is not affected by climate change. 
Because these assumptions are significant, and entail the potential for large errors at the far 
end of the assessment time line, certain assumptions will be tested for sensitivity as part of the 
approach to financial appraisal. This will include different discount rates, changes in capital 
support for technologies and increased pressure from stricter market mechanisms over time.
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Selection of Baseline Buildings
The method employed to assess the effectiveness of various approaches to sustainable energy 
design is to use a baseline building as a template on which to ‘hang’ defined alternative energy 
designs. Using this modular approach will produce results for discrete energy systems in an 
holistic manner, rather than evaluating individual technologies in isolation. This approach is 
supported by GPG 274 (DETR, 1999) where it emphasises the importance of considering 
integrated packages of measures.
Buildings will be assessed as designed, rather than use as-built data. This will maintain the 
connection to the energy designer’s decision-making procedure, and scope out the social and 
behavioural aspects of energy use in buildings. While this ‘softer’ side of the argument is in itself 
a valid research topic, it is felt that the skills of the researcher would be better used within the 
defined energy system design and decision-making topic.
The baseline buildings shown in the Dissertation have been chosen to represent typical designs 
for residential and office buildings. Both buildings are of a comparable size and shape so that 
the differences in usage and energy demand profile can be used as a comparator, without scale 
effects adding uncertainty. The size of the office building does restrict the range of appropriate 
technologies that can be included in the assessment, such as chilled beam cooling or 
‘intelligent’ building management systems. Buildings that are of a size that would benefit from 
such sophisticated systems require a specific design approach. The benefits of this research lie 
in the generic principles that will be developed for market mechanisms using ‘typical’ buildings 
as a tool and a demonstrator, rather than seeking to develop the optimal design for a particular 
type of building.
Refurbished buildings will use the build standard set by the 1995 Building Regulations. This is 
chosen to simulate the worst refurbishment business case. Buildings designed to a previous 
standard will benefit more from energy efficient refurbishment as the same material investment 
will generally provide a greater benefit to the energy performance to the building as a whole.
Selection of Sustainable Energy Technologies
There is a range of technologies and approaches available in the UK that can form part of a 
sustainable energy solution. These technologies are at different stages of development and 
maturity, and their current rate of uptake as part of an energy design can also vary widely. The 
Carbon Trust set out investment priorities for various low carbon technologies (Carbon Trust, 
2 0 0 2 ) using a scale that addressed both the potential impact of a technology on carbon 
emissions for the UK, and the potential effect that investment in a technology would have. The 
technologies listed include wind, building services, fabric and lighting, solar water heating, 
domestic CHP, smart metering and building controls, photovoltaics and chemical-based photo­
conversion, and fuel cells.
UK government support is provided for a number of technologies in different schemes. Looking 
at the building-focused systems, the Renewables Obligation supports wind and photovoltaics. 
Biomass is also supported but for the purpose of this assessment it is considered that the 
logistical issues of supplying sufficient biomass for combustion to individual buildings are not 
practical, so this technology has been scoped out. Climate Change Levy exemptions apply for 
good quality CHP and renewable generation in non-domestic sectors. The Energy Efficiency 
Commitment encourages the domestic sector to adopt improved insulation, efficient lighting and 
condensing boilers. The Major PV Demonstration Programme promotes PV in commercial and 
domestic sectors. The Clear Skies Scheme encourages solar thermal, wind and ground source 
heat pumps. In addition, this scheme supports wood-fuelled heating systems and micro-hydro 
power, but these are scoped out due to the logistical or site-specific requirements of these 
technologies.
The principles for selecting technologies to apply to the case study buildings use the systems 
listed in the Carbon Trust publication, together with those that are supported by current 
government initiatives. However, while all these technologies represent a beneficial contribution 
to the built environment a proviso is required that technologies should be market-ready at the 
time of writing. It is understood that new approaches, and adaptations of existing technologies,
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will improve upon the business case for their adoption. However, for this report to be of most 
benefit, a good understanding of the life cycle impacts and benefits of each approach is 
required, so technologies that are currently at the development stage are not included. This, for 
example, scopes out the use of fuel cells in the assessment, and some forms of photo­
conversion.
In addition to incorporating the active systems discussed above, achieving a low carbon design 
should include passive approaches to lighting, heating and ventilation. These are added to the 
assessment despite there being no fiscal support for there inclusion in a design from 
government.
The list of technologies that will be used to derive potentially sustainable building energy 
solutions is as follows:
• Micro and mast wind
• Photovoltaics
• CHP, in particular microCHP
• Increased insulation of external walls, roof, and ground floor, together with improved glazing 
specification (e.g. triple-glazing)
• Efficient artificial lighting
• Condensing gas-fired boilers (although this will be adopted as a baseline requirement given 
the expected Building Regulation amendments to Part L in 2005, (ODPM, 2003))
• Solar thermal water heating
• Ground source heat pumps (powered by electricity)
• Passive design to provide a contribution to lighting, heating and ventilation.
• An exploration of the benefits of net (smart) metering and energy management systems on 
the occupant behaviour influence on energy demand.
Market Scenario Selection
The definition of energy market landscape describes a range of influencing parameters that 
constrain the decisions of energy designers. The purpose of this stage of the research is to 
explore the impacts of variations to some of these parameters on the energy design choices 
faced by designers. From this position, it is anticipated that some suggested strategies will be 
revealed that appear to encourage greater adoption of sustainable energy solutions in buildings.
From the set of constraining parameters, a subset of variables will be determined as an output 
of the case study application stage. This stage has yet to be completed, but a preliminary list of 
variables that could be used to test different market strategies is shown in Table 1.
Table 1 Examples of market landscape variables that could be modelled for impact to 
building energy design.
Building Regulations • Further increased standards to Part L using thermal 
performance of the building envelope.
Climate Change Levy • Increase to the levy on grid electricity and natural gas.
Renewables Obligation • Commitment to higher contributions of renewable energy.
• Changes to the buy-out price for ROCs.
Planning Conditions • Inclusion of a renewable energy contribution from all new 
buildings as part of planning conditions.
Energy Efficiency 
Commitment
• Increased investment targets and greater accountability for 
utility company performance in this scheme.
Carbon Tax • Introduction of a carbon tax on all consumers, or selected 
groups.
Energy Performance of 
Buildings Directive
• Commencement of the EU Directive that includes the 
certification of new and refurbished buildings.
BREEAM/EcoHomes • Mandatory use of BREEAM & EcoHomes for new and 
refurbished developments.
Capital Support • Increased capital support from government for renewable 
technologies.
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Fuel Prices • Increase in resource prices for natural gas, oil and coal
Net Metering • Improved accessibility to net metering allowing embedded 
generators to gain income from exported power.
Connection costs • Support from utility companies to facilitate embedded 
generation with affordable connection to grid.
Energy Services Companies • Utility companies operating as ESCOs rather than energy 
suppliers where benefit is given for the service provided as 
opposed to the electricity or gas that is sold.
Capital costs for system • Greater market uptake initiating substantial capital savings 
through economies of mass production.
Installation costs • Greater numbers of installations meaning that the skill base 
for installation reduces costs.
Fuel costs • Related to fuel prices, but includes taxation and levies.
Fuel reliability • Changes to the supply security of fossil fuels.
Climatic changes • Greater demands placed upon building services from 
increased cooling requirement.
Contract evolution • Changes to typical contract details, such as the use of PFI 
contracts to place risk of energy performance on the facility 
management contractor.
Some of these variables have very similar impacts on the decisions made by energy designers, 
and can be scoped out where duplicated.
Programme
Overleaf (page 6 ) is a condensed version of the research programme for the remainder of the 
research. This concisely covers the next two years of research, EngD commitments and 
anticipated other work and holidays.
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Summary
This report follows on from the 24 Month Dissertation and the subsequent Viva Voce and 
associated documents. The aim of the 30 Month Report is to illustrate progress of the key 
components of research towards the overall Doctorate goal. It serves to reassure examiners 
that the relevant milestones have been reached, aspects requiring further attention have been 
identified, and that the Research Engineer understands the requirements of the forthcoming 
research programme. It also serves to re-assert that the research direction is appropriate to test 
the hypotheses set out in the Research Proposal.
The overall aim of this research is to test variations in energy market landscape using the 
perspective of the Energy Designer, with the objective Of achieving more sustainable building 
design and services specification. Having defined the research question, and conducted a 
comprehensive (and ongoing) literature review, the first step was to develop a Building Energy 
model that allowed changes in market variables to demonstrate the effects on both carbon 
output and financial cost for particular designs. In order to keep the model manageable and 
relevant to this task, two specific baseline building designs, sourced from Project 
Allenby/Connaught on which the Research Engineer has extensive and influential input in this 
field, were taken. The first is a large accommodation block; the second a simple office building 
of comparable size.
During the development of this model, a number of assumptions have been made, both in terms 
of the initial technical data, and also for the methodology adopted at the stages of the model. At 
present, only the carbon emission half of the model is operational. This is based on the 
Standard Assessment Procedure (SAP) 2001 calculation worksheets (BRE, 2002) that are used 
as an energy assessment tool for domestic buildings in support of Building Regulation 
compliance. The SAP tool was enhanced to better convey operational carbon emissions by 
incorporating lighting and small power, as well as allowing the most accessible forms of 
embedded renewable energy generation to be taken into account. The SAP rating is not 
considered significant for the purposes of using this tool for the research at hand. Instead, it is 
the quantities of carbon dioxide per year emitted through normal building operation that is the 
prime focus. While this tool can be applied directly to the residential block, to use on the office 
building has required some adjustments to account for the different usage profile of a working 
building. This included new assessment of the demand profiles for lighting, increased casual 
heat gains from other sources, incorporation of an instantaneous electric water heating option 
and commercial fuel tariffs. To aid these additional considerations, use was made of the Energy 
Consumption Guide series to provide office-focused data, such as ECG 75 and ECG19.
The next stage in the model development is to incorporate a financial calculator related to the 
building design and services scenarios so far modelled for carbon emissions. This will take 
account of capital, installation, operational, maintenance (planned and unplanned) and 
replacement costs (incorporating plant lifespan). This will use a simple discounted investment 
appraisal methodology that will allow sensitivity analyses for discount rates for each scenario. 
The final output from the Building Energy Model is to provide C 02 emissions and whole life and 
initial costs for the five selected scenarios as applied to four building types.
Since the last six month report, the 24 Month Dissertation (Atkinson, 2004), there has been the 
EngD Conference held at Surrey University in January 2005. This entailed the writing of a paper 
on an aspect of the research so far, and the delivery of a presentation of this paper at the 
Conference. This report discusses the main conclusions revealed in the Conference paper 
(Atkinson et al, 2005) and some of the feedback from the Conference. The focus of the 
Conference paper was to demonstrate some of the market influences that appear to have 
affected the market uptake rates for renewable and low carbon energy generation technologies. 
It is anticipated that the Conference paper will form the basis of a paper to be submitted to an 
academic journal before the end of the year.
A recent development in the overall research methodology has been the consideration of 
Energy Designer interviews to provide insight in support of this research. There are certain key 
criteria that must be met in order to gain useful and supportable data from any form of interview
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procedure. Current research to date has been based upon participant observation, 
predominantly on Project Allenby/Connaught. To fortify this, with targeted semi-structured 
interviews from the architecture and mechanical and electrical engineering professions, would 
substantially support and verify both quantitative assumptions and, more importantly, provide a 
qualitative insight into the decision-making process of Energy Designers.
Finally, a detailed programme of the following stages of research is discussed, setting key 
milestones and targets, plus highlighting areas that may require more time than originally 
planned. A revised detailed programme is presented, that constitutes the research aims to the 
end of the research period.
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1 Introduction
The Energy Market Landscape sets the boundaries within which decisions of energy technology 
and design approach are constrained. In the built environment, the Energy Designer, be they 
architect, engineer or specifier, makes decisions determining the design approach that a 
building will follow for energy usage. This may be in the form of either a heavy or a light 
construction type, either providing thermal mass with slow response or a more responsive 
envelope. It will involve the area and orientation of the glazing, as well as its thermal properties. 
It will also determine what building services are installed, and how they are controlled. Boilers 
and ventilation systems use a large proportion of the total energy demand for a building, but are 
essential for ensuring appropriate internal atmospheric comfort.
Reducing the carbon intensity of buildings is a key aspect in reducing the overall carbon 
emissions of society. Buildings account for 40% of the total UK energy consumption; 89% of this 
is from fossil fuels. This demonstrates clearly the reliance of building design and operation on 
carbon-based energy sources. Two approaches can be taken to reduce the carbon intensity of 
a building. The first is to improve energy efficiency so that less energy is demanded by the 
building during operation. This can involve increased insulation levels in new building, or 
replacing a conventional boiler with a new condensing system in an existing building. Many of 
the steps that can be taken to improve efficiency are low cost, such as low energy light fittings. 
All energy efficiency measures have the benefit of reducing the energy cost associated with the 
operation of that building. In some cases there are additional benefits, such as the longer life of 
low energy light fittings.
The second approach is to replace a proportion of energy demand with a renewable, or low 
carbon, alternative. There are a number of technological options, both centralised large-scale 
like wind turbines and hydropower, and small-scale embedded and building-integrated options 
like photovoltaics and solar thermal water heating. There is an initial cost associated with such 
technologies that is not usually borne by the established centralised fossil fuel energy supplies. 
However, there are also economic benefits in terms of low-to-zero operational (fuel) costs for 
many.
The current energy market landscape discourages renewable and low carbon generation, 
particularly in its small-scale embedded form. This is despite the many environmental benefits; 
from avoiding the 10% wasted energy from transmission and distribution losses and the 
associated carbon and sulphur emissions; reducing resource extraction pressures for coal, oil, 
natural gas and uranium; and actively serving to mitigate and reduce climate change impacts. 
There are also significant social benefits from adopting more renewable and distributed 
generation such as reducing the pollution from fossil fuel combustion, whether centrally or in 
individual buildings, causes health problems if not controlled; increasing energy security, both in 
terms of the reliability of supply, and in terms of protection of centralised plant from terrorism; 
and there is the empowerment of society to take responsibility of their own energy demands, 
likely to be instrumental in reducing wasted energy.
To increase the uptake of efficient and low carbon designs in buildings the economic balance, 
that is at present set in favour of a centralised fossil fuelled economy, must be altered to better 
serve distributed low carbon alternatives. This requires changes in the energy market landscape 
to initiate a step change in the practices of energy designers for new buildings, and those 
existing that are undergoing refurbishment. This research seeks to find the optimal changes to 
the energy market landscape, as it applies to the built environment that will produce such a 
paradigm shift, maximising the resultant carbon emission reductions within a suitable economic 
framework.
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2 Building Energy Model
In order to assess the direct impacts resulting from changes in the energy market landscape on 
the anticipated carbon performance of individual buildings, an energy and financial calculation 
tool is being developed to derive the C02 emissions from particular holistic building design 
approaches, and the associated initial and long-term costs that these options entail.
2.1 Principles of model development and usage
There are a number of energy calculation tools available, with varying degrees of complexity 
and thoroughness, ranging from the sophisticated 3D fully-dynamic TAS Building Designer tool 
(EDSL, 2005) to the 3D and 2D non-dynamic Hevacomp Suite (Hevacomp, 2005), and onto 
simple spreadsheet-based ‘snap-shot’ calculators such as SAP (BRE, 2002). However, after 
extensive research into available tools, there were none apparent that would allow the variables 
required to test market variations on design decisions directly.
In addition, the degree of complexity required for this part of the research is not thought to be 
sufficient to demand a complex model. The requirement is to derive a quantitative indication, 
essentially showing trends and differentials in quantity, for both carbon emissions and cost for 
specific design scenarios on two similar buildings. For this reason, a spreadsheet-based 
calculator has been developed based on the SAP worksheet and associated data tables. SAP is 
a standard approach approved by the ODPM for Building Regulation Part L1 compliance for 
dwellings. The current version has been in operation since 2001, with some minor amendments 
in Dec 2002. There is currently a draft 2005 version which is available, but not yet in operation. 
This 2005 version (BRE, 2005) has been studied, and future changes have been noted -  such 
as inclusion of lighting demand and micro-CHP. However, for the purposes of these 
assessments SAP 2001 will be used as this represents industry standard that is likely to apply 
for the duration of the project.
To provide complete results, SAP 2001 has been augmented to include factors such as lighting, 
micro-CHP, and a range of embedded renewable generation technologies (micro-wind, 
photovoltaic and solar thermal water heating). This enables a more complete picture of the 
carbon emissions relating to all predictable demand at the design stage. Few behavioural 
effects have been included as this would be impossible to predict with any certainty during 
building design. The exception being the lighting model where seasonal usage has been 
predicted for individual room functions.
The SAP tool is designed for use on residential buildings and no similar tool has been 
developed for the commercial sector, mainly because of the variety of building forms and uses, 
and complexity of the building services in comparison. A generic commercial building tool 
requires a far more sophisticated approach than that provided by the empirical SAP 
methodology. However, this research is not focused around a generic solution, but requires a 
tool for a particular building design that is comparable in form, if not function, to the residential 
block. To achieve this methodology transfer in a robust and transparent way a number of 
adjustments and additions have been incorporated into the SAP spreadsheet. These are listed 
in Table 1.
Table 1 Changes made to SAP 2001 to apply to the specific office building design.
1
Water heating options include local instantaneous electric water heating, with the 
associated benefits from 1 0 0 % efficiency of heating plus the omitted heat gains from hot 
water storage and distribution.
2
Casual heat gains included for a computer workstation for each occupant, kettle & fridge 
per beverage bay, metabolic gains for each occupant and lighting gains based on CIBSE 
AM11 benchmarks and the lighting sub-model.
3
Mechanical ventilation, air-conditioning and heat recovery effects on casual heat gain, 
power demand and thermal requirements incorporated. Local extract ventilation applied to 
toilet areas only.
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4 Commercial gas and electricity prices used.
5
Lighting demand scenarios include the benefits of management systems, such as PIR and 
daylight sensors on certain room functions. So while most fittings are likely to be low 
energy fluorescent, automatic switching provides a differential for the more efficient 
scenarios.
6
Design lighting levels (lux) kept constant for the different scenarios, so the number of light 
fittings can change according to potential luminance. The effect this has on casual heat 
gains is included.
7 Living Area Fraction has been increased from 0.41 (SAP JRSLA in Appendix) to 0.9.
The SAP rating resulting from the tool is not important for this research. The key output from 
undertaking this calculation is to derive a value for the C02 emissions at the design stage 
encompassing all energy demands that can be reasonably predicted prior to occupation. Annual 
figures for carbon are used, in units of tonnes of C 0 2 per year (tpaC02) for the whole building.
The overall Building Energy Model structure is set out in Figure 1, showing the parallel sub­
models for carbon emissions and cost, and the associated input fields that influence both. 
Clearly the variables that will be used to represent changes in the energy market landscape will 
be located in these input fields, and a schedule and procedure of these changes will be 
developed as this model becomes operational.
Fuel
Data
Lighting
Demand
Model
Energy Design 
Scenarios
Building
Datasheet
Specification
Database
SAP-based 
Carbon Model
C 02 Emissions 
per year
Capital
Investment
Whole Life 
Cost
Cost
Model
Figure 1 Building Energy Model structure.
2.2 Case study buildings
There are two building designs used as case studies on which to apply the five energy design 
scenarios. The first, a residential block of flats three storeys in height with a floor area of 
1112m2, is from building SW0610 (Project Allenby/Connaught). This building has recently been 
completed; being a prototype for the following 143 similar blocks, and is now occupied. The 
prototype building includes a 30m2 solar thermal array for hot water. The baseline building for 
the research assessment will not include this array, except in the SOL and MIX energy design 
scenarios.
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The second building, a simple two-storey office block, is from building AS0603 (Project 
Allenby/Connaught). This building is at the final design phase, with construction expected to 
commence in July 2005. It is a naturally-ventilated mix of cellular and open plan space, 
supplemented by local mechanical extract in toilet and service areas. The gross floor area is 
1812m2 making it comparable in size and form to the residential building. This similarity is 
considered important as a key reason for assessing different building functions is to compare 
the effects of usage profile on C02 emissions and costs. If the buildings were of greatly differing 
size and form then scale and operational effects would have a larger influence rendering the 
results incomparable.
Both these designs will be assessed from two perspectives -  a new building built to 2002 
Building Regulations, and a refurbished project initially built to 1995 Building Regulations. This 
essentially affects the thermal properties of the building fabric, and the extent (and cost) to 
which it can be improved through refurbishment. It also limits the opportunities for embedded 
renewables to retrofit options only, and excludes any benefits from increasing solar gain through 
larger south-facing windows, or reducing thermal losses using smaller north-facing windows. 
These differences, and how they influence the scale of potential performance improvements, 
are an important factor for the research, and is the main reason for assessing existing building 
stock in this way. Another reason is to enable the transfer of the SAP methodology to a 
commercial building in a robust and substantiatable way. Full details of the buildings used as 
case studies here are given in the Appendix 1.
2.3 Energy solution scenarios
As described in the 24 Month Dissertation, five energy design scenarios are being used to 
theme possible approaches that can be taken by energy designers. Table 2 describes the broad 
theme involved in each of these scenarios. The objective of adopting such a scenario approach 
is to represent the decisions engineers and architects must make at an early stage in the design 
process, and to emphasise the impacts and benefits (in terms of carbon emissions and cost) of 
such an approach. In reality, it is appreciated that the true design of the average building is 
likely to contain a degree of compromise between these scenario themes, although there is a 
range of buildings in existence that have followed such defined themes. For the purposes of this 
research, it is considered most important to examine,the extremes, and hence a single-minded 
design approach along a particular theme, before considering possible compromises that would 
achieve the optimal position between carbon performance and cost-effectiveness.
Table 2 Energy design scenarios.
Scenario Description
BAU
A traditional approach to building and service design that meets, but does not 
exceed current Building Regulations; uses standard water/space heating plant 
(conventional for refurbished; condensing for new build); all electricity from the grid; 
does not strive to benefit from solar gain or shading; and matches typical practice 
benchmarks for lighting, thermal insulation levels, and energy management control. 
Includes no embedded renewable, or low carbon, energy generation.
SOL
A design approach that seeks to gain the maximum benefit from solar radiation. 
This includes increased south-facing glazing (new build only); solar thermal array 
for water heating; insulation levels 10% improved on Part L; ground source heat 
pump for space heating linked to an underfloor delivery system; photovoltaic array 
for a contribution to power demand; and a natural ventilation system.
CHP
A design theme that is focused on the use of micro-CFIP to supply water and space 
heating alongside electricity generation. Supplemented by a conventional boiler for 
peak heating demand, and grid-connected, this approach assumes that no steps 
have been taken towards exceeding Part L thermal requirements, and essentially 
compares condensing boiler performance with the benefits of CHIP.
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INS
This approach maximises the thermal performance and electrical efficiency of the 
building in every aspect. Insulation levels 25% improved on Part L, plus hot water 
storage and distribution insulation at best practice; north-facing window area 
reduced (new build only), with higher-specification glazing; underfloor heat delivery 
from a condensing boiler with time & temperature controls. Also tested will be the 
benefits of heat recovery from whole-house mechanical ventilation. No renewable 
generation included.
MIX
A design approach that aims to maximise the benefits from an optimal mixture of 
renewable and low carbon embedded generation. Similar to the SOL scenario, this 
approach takes good insulation and efficiency practice; includes increased south- 
facing, and reduced north-facing, glazed area; solar thermal water heating, ground 
source heat pump space heating; some photovoltaic contribution plus micro/mast 
wind turbines for less intermittent electricity generation on site.
The Building Energy model will be used to test variations in these scenarios for sensitivity to 
carbon and cost. This, used in conjunction with design input from M & E engineers from Project 
Allenby/Connaught, will aid the derivation of optimal design solutions in terms of carbon and 
cost. However, the key benefit and use of this model will be to determine the additional 
investment required to improve the carbon performance of a building, and the associated long­
term benefits and/or costs.
2.4 Embedded Variables
The prime reason for developing a building-specific tool to test carbon and cost impacts was to 
allow discrete variables, selected to best enable a transparent and robust programme of 
sensitivity analyses representing changes in the energy market landscape, to illustrate the 
related changes in building carbon performance and element cost. The SAP methodology, and 
the additional sub-models such as the Lighting Demand sub-model, has governed the possible 
variables available.
The thermal performance of the building fabric is specified to a range of standards from 1995 
Part L compliance to a 25% improvement on 2002 Part L. The upper level represents current 
industry exemplary practice and is sourced from technical data from insulation manufacturers 
(Knauf, 2003). The thermal performance of other building elements can also be varied such as 
the insulation thickness of the hot water store, the primary circuit distribution losses, extent of 
draught-stripping at openings, and the existence of a draught lobby. In addition, the size of the 
hot water store can be specified, or can be zero for instantaneous heating. This links to the 
specification of the heating system itself, with the choices between gas-fired (conventional or 
condensing boiler, microCHP) or electric (instantaneous or ground source heat pump), plus the 
incorporation of solar thermal water heating. A degree of passive design has also been included 
by allowing glazing areas to be reduced or increased on the north or south elevations of both 
buildings. This applies to the new build case only.
Heating delivery and control systems have a small number of options. Delivery can be through 
radiators or by wet underfloor systems either in a timber or concrete floor. Control systems 
range from a simple room thermostat to radiators with TRVs and more sophisticated time and 
temperature controllers. Secondary heating systems are also allowed for, particularly relevant 
where a microCHP plant provides the main space heating supply, including the anticipated 
contribution of the secondary source over a year. Further details of the embedded variables 
relating to building thermal performance and efficiency are given in Table 3.
Specification of renewable and low carbon energy plant can be varied according to the building 
requirements and cost. This includes solar thermal panel area, photovoltaic array area and type 
(mono-crystalline, poly-crystalline, amorphous or hybrid), and wind turbine number and type 
(600W, 1kW, 1.5kW and 2.5kW). The solar thermal panel data is already part of the SAP 
calculation. Photovoltaic array data has been sourced from Solar Century, and the wind turbine 
data is from a number of current market-ready designs (Windsave, Proven Energy and 
Renewable Devices).
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The ven tila tion  system  design can be varied, and ranges from  pure ly  natura l ven tila tion  rely ing 
on openab le  w indow s fo r c ross-ven tila tion  and a llow s the inc lus ion of local ex trac t fans  fo r to ile t 
areas. W ho le  house m echan ica l ven tila tion  system s can be incorpora ted  tha t can inc lude  heat 
recove ry  and a ir-cond ition ing  op tions. The Build ing Energy m odel does not a ttem p t to  design 
such system s as th is  w ou ld  requ ire  dynam ic  and com p lex a lgorithm s, but s im p ly  to  p rov ide  an 
idea of the carbon em iss ions added th rough  the ir inc lus ion , and the  financ ia l costs  invo lved . 
The  carbon da ta  fo r these  system s is a lready em bedded in the SAP m ethodo logy, and on ly 
m inor ad jus tm en ts  are requ ired to ta ilo r th is  fo r the  o ffice  assessm ents .
All p lant costs are va riab le  a llow ing  fo r p red ic tions of m arke t uptake, and the  resu lting  
econom ies o f sca le  fo r p roduction , to be input into the  financ ia l sub-m ode l. Th is  inc ludes the 
w ho le  life costs to account for increased quantitie s  of skilled  m a in tenance  ope ra tives  as 
techno log ies  m ature . C ap ita l g ran ts  and subs id ies  can be inco rpo ra ted  into the cost base  as 
cap ita l, ins ta lla tion , ope ra tiona l, m ain tenance  and rep lacem en t costs w ill fo rm  separa te  stream s 
in the  ca lcu la tion  to a llow  d iscoun ting  to be app lied. Fuel price changes, w h ich  w ill in co rpo ra te  
the C lim a te  C hange  Levy (CCL) or any o ther fo rm  of ca rbon  tax, can be a lte red  in te rm s of unit 
price and stand ing  charge , w ith  com m erc ia l and dom estic  rates separa te  from  the start. The 
carbon  fac to rs  app licab le  to  fue l type, in te rm s o f k g C 0 2kW h and k g C 0 2/G J, take  da ta  from  
SAP 2001 and  from  D E FR A  (IEM A, 2003).
2.5 The carbon sub-model
As described  above, the  carbon sub-m ode l is de rived  from  an augm ented  transpos ition  o f the 
SAP m ethodo logy  into a sp readshee t tha t inco rpo ra tes d iscre te  va riab les  con tro llab le  by the 
researcher. It has been set up to enab le  s im u ltaneous assessm en t of all fou r bu ild ing  types  -  
res iden tia l new  build  and re fu rb ished; o ffice  new  build  and re fu rb ished  -  undertaken  fo r the  five  
scenarios , g iv ing  an ou tpu t of tw en ty  s im u ltaneous  carbon  em iss ion  figures.
□  RN O RX □  ON ■  OX
T o n n e s  C 0 2
p e r y f f l ro
80.0
70.0
60.0
50.0
40.0
30.0
20.0 
10.0
0.0
Carbon Emissions
S c e n a r i o
Figure 2 Example of the carbon sub-model output.
* RN -  residentia l new build; RX -  residentia l existing; ON -  office new build; OX -  office existing.
The m odel uses a s im p le  ca lcu la tion  approach  based upon annual ene rgy  dem and  figu res  
g iven the scenario  specifica tion. In add ition  to  the  SAP ca lcu la tions, a lighting dem and  su b ­
m odel has been added to g ive va riab ility  over the level of e ffic iency in the  ligh ting design , and 
the resu lting  casua l heat ga ins and e lec tric ity  requ irem en ts . A lso  added are the ca rbon  benefits  
from  em bedded  renew ab le  genera tion  (w ind and PVs). So lar the rm a l w a te r heating  is a lready  
inc luded in the SAP m ethodo logy.
The carbon  sub -m ode l, as show n in F igure 1, has input from  the S cenario  M atrix  fo r each o f the 
four bu ild ings and five  scenarios. In add ition  the L ighting E nergy sub -m ode l, w h ich  has tw o
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residential and three office scenarios for increasing levels of lighting and system efficiency, 
feeds into the carbon sub-model in terms of annual lighting electricity demand and the number 
of light fittings required to calculate the associated casual heat gains.
The carbon sub-model follows exactly the SAP 2001 worksheet methodology to generate the 
C 02 emissions for space and water heating. Appended to this are the emissions from lighting 
demand, plus an assumption of small power demand (from ECG75 and ECG19) for the year, to 
give a C 02 output figure for space and water heating, lighting and small power. Finally, any 
heating and electricity benefits from embedded generation in terms of carbon emissions are 
subtracted, thus giving a final C02 emissions figure for all the predictable building functions at 
the design stage. Figure 2 gives an example of the output for the twenty scenarios.
2.6 The financial sub-model
In parallel with the carbon sub-model, and sourcing the same databases for plant and building 
design, energy and lighting scenarios and fuel data, the financial sub-model will generate a 
similar output for the twenty building-energy combinations in cost terms. This model has yet to 
be finalised, but will be founded on manufacturers’ technical data, quantity surveyor information 
from Project Allenby/Connaught and direct communications with experienced energy designers.
Energy cost is made up of several components, each of which must be treated as a variable 
over the lifespan of the element, and the assessment period. Initial costs include the capital 
expenditure on plant and the installation and commissioning costs considered at Year 1. 
Installation costs will vary between new build and refurbished existing buildings, where building- 
integration can reduce the overall cost of a new build, while a refurbishment project will be 
limited to retrofit solutions. Subtracted from this are any capital grants or subsidies that may be 
applicable, which can be factored in as part of the energy market landscape variant iterations. 
The second set of costs is the operational expenditure on running the plant. Clearly, for certain 
elements such as insulation and photovoltaic arrays, this cost will be zero. For others like 
condensing boilers, this cost will include all natural gas fuel costs, together with CCL and other 
taxes that may be imposed. In some instances, such as for certain embedded renewable 
electricity generation technologies, there may be operational earnings, either from power 
exported to the grid through a net metering arrangement, or from specific fiscal mechanisms, 
such as the Renewables Obligation, that are directly aimed at encouraging low carbon 
generation. Any cost or earning linked directly to the energy output of a system will be included 
in the Operational Cost (Opex) parameter, and these will be subject to discounted cashflow 
analysis back to the installation date. The final set of costs can be thought of as occasional 
expenditure, and includes planned and unplanned maintenance with the associated component 
costs, and plant replacement cost if this occurs before the end of the assessment period. 
Clearly the expected longevity of equipment plays a key role here with the less moving parts 
likely to perform longer, such as photovoltaics and insulation.
All these costs will be input into the specification database to form a matrix that will be accessed 
by the energy design scenarios. Added to this will be the output from the lighting demand sub­
model, in terms of element cost and average lifespan (Floyd, 2004), together with the fuel cost 
data appropriate for either the domestic or commercial sectors. These three sets of outputs form 
the inputs for the financial cost sub-model. The period for assessment will be a variable so that 
the sensitivity to plant longevity and potential earnings can be analysed. Periods will range from 
five years, representing a short-term commercial or political viewpoint, up to 60 years, 
representing the design life of the building. The annual costs and earnings will be discounted at 
a range of rates from 3.5%, representing HM Treasury recommended values (HM Treasury, 
2005), up to 15% in line with the higher commercial rates.
The final output from the cost sub-model will compare the initial investment and the whole life 
cost for the twenty building-energy combinations. These can then be directly compared to the 
carbon emissions for each combination to give a clear cost versus emissions reduction 
assessment. The cost sub-model is programmed to be complete by the end of May 2005.
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3 Academic Paper Submissions 
3.1 EngD Conference Paper & Presentation
In Jan 2005 the Proceedings of the 2005 Conference of the EngD in Environmental Technology 
was published. This included a paper discussing market strategies to encourage sustainable 
energy solutions in buildings (Atkinson et at, 2005). At the Conference, this paper was 
presented by the author, and followed by answers to questions from the audience.
The paper began by defining the concept of the energy market landscape, and the various 
drivers that influence it. This focused on the interplay between government regulation, fiscal 
support and targets with the capacity and cost constraints endured by network and utility 
companies, and the demands of the consumers, domestic or commercial, in terms of their costs, 
functionality and perception of technological risk. This linked to a description of the perspective 
of the Energy Designer, and his/her decision hierarchy in the energy design process; reacting to 
function, cost-effectiveness and compliance before any consideration of the carbon-intensity of 
a solution is adopted. This lead to a review of the market uptake for selected low carbon 
technologies over the period 1993 -  2003. The technologies assessed were photovoltaics, solar 
thermal water heating, gas-fired condensing boilers and CHP, and was compared to the energy 
savings gained from the roll-out of the EESoP/EEC schemes over this period. Analysis showed 
that the rate of uptake appears to be a function of perceived technological risk, government 
financial support and technology maturity. Other factors studied, but not considered key 
influences over this period, are energy unit price and the CCL.
The conclusions of the paper stated that there are existing low carbon technologies that achieve 
the functional requirements. From this, a subset is then sought by the Energy Designer that also 
satisfies the commercial and legislative constraints. Minimising fossil fuel consumption occupies 
a tertiary position in the decision hierarchy, alongside aesthetics and longevity. To achieve an 
improvement in the energy performance of buildings, the Energy Designer must consider 
carbon intensity as a higher priority, and at an earlier stage, for a project. There are, however, 
market mechanisms already in place that attempt to encourage carbon intensity to be 
considered at the commercial and legislative stages. Despite some success, these have not 
initiated the required step change in uptake because the support provided has not yet overcome 
the perceived technological risks and anticipated future technology cost reductions that work 
against the low carbon technology market, with technologies that offer the greatest carbon 
saving showing the slowest uptake. There are forthcoming changes to the energy market 
landscape, such as the Energy Performance of Buildings Directive, that will have a direct 
impact. But future energy designs will depend upon the prominence of carbon intensity in the 
building design process.
From the feedback received after the Conference, the presentation of the paper was generally 
well-received, but highlighted the following positive and negative issues:
© Clear slides with good images.
© Good pace of delivery, time-keeping and clarity.
© Good answers to questions.
© Very professional and structured presentation.
© Appropriately thorough background.
© Interesting.
© Related well to environmental technology theme.
© Good explanations and use of examples.
© More time spent on describing research required.
© Contribution to knowledge unclear.
© Distinction required between long-term environmental impact and sustainability 
required.
© Perhaps more explanation of different technologies.
© Nervous start to presentation, but improved quickly.
© Assumed a degree of prior knowledge.
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© More eye contact required.
The negative points will be considered and developed by undertaking further presentations of 
parts of the research when opportunities arise.
3.2 Academic Journal Papers
It is proposed to use the EngD Conference paper as the foundation for a paper submission to 
an academic journal. Following discussion with supervisors, three themes have been identified 
for further development that will form the basis for at least one paper submission. The first 
theme requires a deeper exploration of the concept of the energy market landscape. This 
requires examination of institutional economics and the social shaping of technology as it 
relates to the built environment. The second theme is to continue the review of technology 
uptake trends in the UK energy market. More detail and substantiation is required from a greater 
number of sources. The third theme follows on from the previous two, looking further into the 
influences from the energy market landscape that appear to have effected technology uptake, 
and broadening the scope of possible drivers.
The first theme has been taken further, and there is currently a substantial amount of 
exploration recorded in the Literature Review. The energy market landscape, as it relates to 
energy consumption in buildings, is made up of drivers and influences, historical agendas and 
policies for future demand. Political drivers aim to balance economical, social and environmental 
priorities against the background of a short political time-frame. Technology places constraints 
upon the generation, network capacity and efficiencies of consumption, as well as the ability 
(and speed) for plant specification practices to adjust to market pressures. The prime objective 
for operating a company within an energy market is to achieve maximum profit, which can 
conflict with other goals of energy efficiency, carbon reduction and minimised environmental 
impacts. The prime objective for a government to adopt an energy market is to achieve the 
lowest energy prices for consumers. This can also conflict with other goals set out in such 
policies as listed in the UK Climate Change Programme (DETR, 2000) and the Energy White 
Paper (DTI, 2003). The energy market landscape for buildings, therefore, represents a dynamic 
balance between drivers and agendas involving a number of players. A more detailed 
explanation of this theme will form the starting point for the journal paper, and is currently to be 
found in the ongoing Literature Review.
The second theme, further examination of the uptake of various low carbon technologies, has 
also been extended. Research into the uptake of photovoltaics in the UK revealed that the data 
used for the Conference paper may not be complete, with some of the most recent PV projects 
omitted from the database. The discrepancy has come from differences between data 
disseminated from two sources. The first, which was used for the Conference paper is PV-WEB, 
the online information service for the British Photovoltaic Association, which lists a complete 
database of PV projects covering the period of research. The data provided here revealed a 
decline in recent projects, and this was shown in the graph of PV uptake. This data is in conflict 
with a more recently-found source, the International Energy Agency Photovoltaic Power 
Systems Programme (PVPS). This source showed a steady rise in PV uptake in the UK over 
recent years. This discrepancy will be examined further, along with the other technologies 
considered as a valuable part of the overall assessment. The final theme will be reviewed and 
expanded following completion of the above.
The preferred journal for the paper submission is Energy Policy, published by Elsevier Ltd. This 
is considered to represent the optimum journal for this theme of paper as it links energy 
technology and design with macro-economic policy and market strategies. An alternative journal 
has been identified as Engineering Sustainability, part'of the Proceedings of the Institute of Civil 
Engineers, which accepts both papers and briefing notes. A paper for this journal is likely to 
require a more technological emphasis, and presents an opportunity to submit a paper to each 
journal following different themes of the same subject.
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4 Energy Designer Interviews
Research on the subject of market strategies that may encourage sustainable energy choices in 
the built environment has to date has relied upon two main methods -  desk study and 
participant observation. The desk study method has proved an invaluable tool for developing a 
thorough literature review and a complete background understanding of the research theme. It 
has been supplemented by attending a number of conferences and seminars focusing on either 
the technological approach to reducing carbon intensity in buildings, or the high-level strategic 
choices made at government and local government forums. This has ensured that the 
researcher maintains his understanding at the leading edge of this ever-changing market sector.
The researcher has also been involved in several projects that are being used for technical, and 
evidential, data as part of building the Building Energy model, and understanding the influences 
to which the Energy Designer is subjected. This participant observation has included using two 
buildings from Project Allenby/Connaught as templates upon which to apply alternative energy 
designs. Project Allenby/Connaught represents the greatest influence on this research as it is 
enduring a long design phase due to the size and complexity of the project. This has proved 
invaluable for the research as there has been ample opportunity to enquire about the methods 
and priorities for Energy Designers at the various stages of design.
To provide an increased degree of substantiation, and to support the hypotheses and 
assumptions derived from the research, it is proposed that a series of interviews be undertaken 
to provide qualitative data and insight of the pressures, priorities and influences of the Energy 
Designer, and of the management structure that provides support. This is an additional exercise 
to the original programme, and to that submitted with the 24 Month Dissertation, but it is felt that 
the quality of the data that is likely to be recorded will prove valuable, and add robustness to the 
research as a whole.
The interviews will target members of the Energy Designer role, such as architects and 
mechanical and electrical engineers. Also included will be quantity surveyors and procurement 
staff that work closely with Energy Designers, to provide a more commercial viewpoint, as well 
as managers that form the echelon directly above Energy Designers. It is anticipated that the 
majority of participants will be sourced from Project Allenby/Connaught, although other sources, 
such as from KBR and possibly from Fulcrum Consulting Engineers, will be sought. The 
interviews will follow a semi-structured format that allows flexibility in response to open-ended 
questions. The plan is to undertake up to 10 interviews, although this will very much depend 
upon interviewee availability.
Questions will focus on seeking the underlying perceptions of various technologies, and what 
measures might be considered to provide an impetus in another direction for energy plant and 
elemental specification. It will require the Energy Designer to consider the influence of the 
energy market landscape, and the impact of any changes that may be imposed, or occur, on the 
energy design approach they adopt. The interview process will be undertaken during the 
summer (2005); the questionnaire will be completed, with the help of University of Surrey 
resources, by the end of May 2005.
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5 Programme
The programme submitted with the 24 Month Report has been updated, with more detail 
inserted in line with current progress and expectations, and is shown overleaf. The programme 
now begins at 1st April 2005, and continues to the final submission deadline of 30th September 
2006.
An adjustment has been made to incorporate the Energy Designer interview task through the 
summer of 2005, and the final Building Energy model set-up activities have been expressed in 
greater detail. The interview activity has been allowed to overlap with the model analysis and 
the journal paper write-up as this task is expected to be more dependent upon availability of 
interviewees, and so there will be some ‘dead’ time that can be effectively used for other tasks. 
Allowance has been made for the remaining modules, with an estimation of dates made for 
2006, and the time set for these activities includes completion of the associated assignments 
immediately after the taught module. An estimation of holiday taken over the research period 
has also been allowed for, although exact dates cannot be given for 2006.
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6 Conclusion
This 30 Month Report has shown the progress towards the research goal achieved, and the 
tasks that lie ahead. January saw a presentation of a paper at the EngD Conference 
demonstrating some of the market landscape influences that appear to be affecting low carbon 
technology uptake. More work is planned to be undertaken along this theme so that the findings 
can be submitted to Energy Policy journal, in the first instance, in the summer 2005.
The development of the building energy model has taken up much of the research time over the 
last few months. The carbon sub-model is complete, and the structure for the cost sub-model is 
well underway. The model has been designed with discrete variables embedded within it so that 
changes in energy market landscape can be reflected in variations of prescribed variables. The 
outputs of the model are C 02 emissions per year, investment cost and whole life cost for the 
energy components of the building. Two specific building case studies have been taken from 
Project Allenby/Connaught: one a large residential block, the other a similar-sized office. The 
carbon emissions calculation methodology used is the Standard Assessment Procedure (SAP 
2001) applicable to domestic buildings. This methodology has been transposed onto this 
particular office building to give a carbon emissions figure that, while not necessarily an 
accurate presentation of the expected emissions due to the simplicity of the method, does 
provide an indicator, with all processes accounted for, that will reveal trends and quantities of 
change to sensitivity analyses. The carbon performance of the office building has been 
compared with industry standard guidance (ECG19 and ECG75), and values have been found 
to be within satisfactory tolerances (see Appendix 2). The building energy model is not designed 
to be a generic template to be applied to any building. It is specifically designed to be used for 
the two buildings chosen as case studies. As such, it is to be used simply as a tool to 
demonstrate potential changes in carbon emissions, and cost given prescribed variation in the 
energy market landscape.
A proposal of a series of energy designer interviews has been introduced to provide qualitative 
insights from the instrumental players for the energy design, adding a degree of substantiation 
and robustness to the technical assumptions and hypotheses put forward. The interview 
process will be derived using a semi-structured interview methodology, allowing participants to 
answer open-ended questions prompted and facilitated by the researcher. These interviews will 
take place during the summer (2005).
Finally, an updated programme has been included showing the remaining activities up to 
completion of the research. The level of detail has been increased beyond that shown 
previously, and it shows a clear research path allowing sufficient ‘writing up’ and final review 
time.
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9 Appendix 2 -  Building Energy Model Extracts
Table 3 Embedded variables relating to building design standard.
Design Standard
Element
1995
Compliance
2 0 0 2
Compliance
Good
Practice
Exemplary
Practice
Units
Primary Circuit 
Losses
4.4 2 .2 1.3 1.3 GJ/yr
Hot water 
storage insulation 
thickness
25 38 50 100 mm
External wall U- 
value
0.45 0.35 0.32 0.26 W/m*K
Roof U-value
0 .2 0 0.16 0.14 0 .1 2 W/rn^K
Window U-value
3.00 2 .2 0 2 .0 0 1.70 W/m^K
Ground floor U- 
value
0.35 0.25 0.23 0.19 W/m^K
Heating controls
Room
thermostat
Room
thermostat + 
TRVs
Time & temp 
controls
Time & temp 
controls
Boiler efficiency
65 83 93 93 %
Lighting
efficiency
(residential)
40- 55 40 - 55 55-70 55-70 lumens/Watt
Lighting
efficiency (office)
40-55 55-70 55-70 70 -100 lumens/Watt
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36 Month Report
Summary
The 36 Month Report describes progress towards completion of EngD research, and follows on 
from the 30 Month Report submitted in April 2005. The research proposal is to explore the 
market influences on sustainable energy designs in buildings. Research in the preceding 6 
month period has been, firstly, to better define the concept of the energy market landscape so 
that all pertinent parameters are determined. This definition is the foundation for the subsequent 
research direction and sets the boundaries for the market variation strategy described below.
Secondly, a market variation strategy has been derived to connect changes to the EML with 
design decisions for specific buildings. This uses a range of scenarios to depict market changes 
and policy decisions, and the resulting consequences to other aspects of the market, and then 
link these to the parameters built into the Building Energy Model.
The third research period described here is the further development of the Building Energy 
Model. In particular, the finance sub-model, which runs in parallel with the carbon sub-model 
described in the 30 Month Report, has neared completion. This model uses standard 
discounted cashflow analysis techniques to generate the net present cost for the range of 
design themes on the four buildings studied.
Finally, the research programme is updated to allow for module changes, time slippage of 
certain items, and recent progress. The programme sets out a strategy to achieve research 
completion by the end of September 2006.
1 Introduction
This report describes progress towards completion of the EngD research after 36 months 
following on from the 30 Month Report (Atkinson, April '2005). Research progress in this period 
has focused on three main areas. Firstly, the concept of the energy market landscape (EML) 
has been further defined so that all influencing factors are considered in the scoping exercise. 
Secondly, a strategy has been devised to link changes in the EML to variations in building 
design. This will provide the key connection between changes in government policy, or energy 
prices, for example, and the decisions made by building designers when considering the energy 
performance of their designs. Thirdly, the building-energy model (BEM) has been further 
developed with regards to the financial sub-model. This component has been developed to 
provide both capital costs and whole life costs for energy designs. This sub-model is designed 
to operate in parallel to the carbon sub-model, so that for each design variation there is a 
carbon, a capital cost and a whole life cost output.
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This report also describes other areas of further research development such as the expansion 
of the notional baseline design scenario to allow for a number of baseline options given differing 
government policies and market assumptions. In addition, the creation of an interview plan for 
the energy designer interview exercise that will aid thorough understanding of the mechanics of 
designer decision-making processes given the EML.
Finally, this report will describe the next steps forward as the research enters the final year. The 
Programme is updated to account for any time slippage or adjustments that may be necessary, 
and a plan towards the final thesis write-up is set out. Also, a structure plan for the final Thesis 
has been created so that documents written from this point forward can be placed within a 
framework that forms part of the final research submission.
2 Energy Market Landscape Concept and Definition
Defining the energy market landscape (EML) has been a critical objective over the last six 
month period. It will lay the foundations for many of the assumptions made, and be a defining 
component of the scoping exercise to derive the market variation strategy. There will be a 
chapter in the Thesis describing this in detail, which is currently being written.
The EML represents the background conditions in which an energy designer will determine the 
principles, technologies and solutions of a particular design. These conditions are partly made 
up of the institutional constraints described above, but also commercial and risk-based factors, 
and social and educational influences, need to be included. Combining the factors set out by 
Helm (Helm, 2004) with the researcher’s participant observation studies in Project 
Allenby/Connaught, the energy market landscape as it applies to the energy designer, shown in 
Figure 1, can be defined by a description of the scope of its influential factors. These are:
• Legislation/ Regulation -  imposed by government, sometimes as a result of transposing EU 
directives into national law. This includes the Building Regulations, the Utilities Act 2000, the 
Sustainable Energy Act 2003, the Energy Act 2004, and the transposition of the EU Energy 
Performance of Buildings directive from Jan 2006.
• Institutional Structure -  the interaction between the various components of the EML. This 
factor describes the level of co-operation, communication and fiscal transfer between the 
government, Ofgem, energy generation and utility companies and the private investment 
sector, and the way in which these separate entities are organised. Conflicting aims and 
objectives can hinder progress towards stated goals.
• Energy Costs -  depends on the nature of the electricity and gas supply contract with the 
utility company which operates within a competitive market. Government intervention is added 
in the form of taxation on fuel (e.g. CCL and VAT), and imposed market mechanisms such as 
the Renewables Obligation and the Emissions Trading Scheme (ETS). Also incorporates
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generation plant and infrastructure reinforcement investment and connection costs, and is 
overseen by OFGEM.
• Capital Costs -  depends upon the technology, and design solution and lifespan compared to 
alternative options for a given building design. These costs are influenced by VAT levels on 
plant and installation, plus any capital grants available for low carbon technologies.
• Maintenance Costs -  depends upon the technology and design adopted, and the availability 
and skill level of trained maintenance operatives.
• Management Procedures and Technologies -  energy management is an important factor in 
reducing energy wastage, or increasing energy efficiency of use. Management can be either 
in a procedural form to curb behavioural mis-use of energy resources, or in a technological 
form such as automatic switching and sensors.
• Client Performance Requirements -  the nature of the client for a development (public, 
private, commercial, international) and their definition of an acceptable design. This also 
includes factors such as the projected duration of the investment and an expected return, 
which is governed by the contract type (e.g. design & build, PFI). On the social and 
environmental side, public relations and corporate social responsibility (CSR) agendas may 
influence client requirements.
• Tenant / Landlord Agendas -  the conflict between the energy investor and the energy user. 
Incentivising energy system investment when there is a disconnect between the capital cost 
required and the operational benefits gained.
• Contract Risk -  deals with the risk of designs and technologies not performing as expected, 
and the penalties involved. It also includes the steps required to meet legislative and local 
authority requirements (e.g. planning, emissions standards), and the risk of failing to meet the 
investment returns expected.
• Industry Guidance -  government funded and NGO-produced information in various forms to 
provide guidance on best practice design solutions. This is often a first point of information 
when new approaches are being appraised for a development.
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EU Directives; Govt Legislation; Regulation; 
Enforcement
Interaction between Govt, utilities, 
generators, OFGEM & investors.
Supply contract; fuel price; fuel taxation; 
market mechanisms; connection, access & 
metering; generation cost; OFGEM
Technology type/design; VAT on plant & 
installation; lifespan/warranty; capital grants.
Technology type/design; availability of 
skilled/trained operatives.
Energy management procedures; automated 
systems & technologies.
Nature of client (public, private); contract 
type; expected returns; PR/CSR/Corporate 
image considerations.
Incentives to invest in energy efficiency; 
operational energy efficiency promotion.
Technology performance/ fitness for purpose; 
return on investment; legislative/authority risk
Government funding; NGO promotion.
Figure 1 Energy Market Landscape scope
Unravelling the interaction of these 10 components that form the EML is a key aim of this 
research. The influence of each individually, and in combination, on building design decisions 
will be researched and tested using existing literature, current industry and designer views, and 
the developed Building Energy Model (BEM). The factors listed above will be used to govern the 
market variation strategy as it is applied to specific building designs.
3 Energy Market Landscape Variation Strategy
The main purpose of this research is to use the connection between energy policy and market 
constraints, and the energy design for specific buildings to realise the benefits, or otherwise, of 
low carbon designs. A Building Energy Model (BEM) has been developed to illustrate the effects 
on both carbon dioxide emissions and cost for a variety of design scenarios. The variables built 
into the model have been selected to link with proposed market scenarios through a defined 
series of variations, as schematically shown in Figure 2.
Legislation / 
Regulation
Institutional
Structure
Energy Costs
Capital Costs
Maintenance
Costs
Management 
Procedures & 
Techs
Client Performance 
Requirements
Tenant/ Landlord 
Agendas
Contract Risk
Industry
Guidance
Energy 
Design in 
Buildings
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Proposed Market 
Scenarios
Defined Variations
Specific Model 
Variables
Figure 2 Development of variation schedule linking market scenarios to model variables.
This section briefly describes each scenario and the derivation of the specific model variables 
that will be used in the BEM to represent the impact on building energy performance and 
associated costs. The ten scenarios shown below have been selected to represent possible 
future energy market landscapes based upon current energy industry expectations:
3.1 Business as usual (BAU)
This is a baseline scenario representing a base case where current (2005) government policy, 
and strategies to achieve existing targets are maintained, but not enhanced. However, three 
variables have been included in this scenario to portray natural variation in the starting point for 
the analysis, and incorporate an element of ‘future-proofing’. These variables are shown in 
Table 1, and combinations of these are used to derive sub-scenarios for the base case.
From these variables can be derived 18 sub-scenarios, or analysis starting points. These 
provide a simple method to create an appropriate baseline, before considering the longer-term 
impacts of market variations denoted by further scenarios below. The incorporation of these 
variables into the base case is discussed further in Section 4.3 below.
Table 1 BAU variables used to derive sub-scenarios.
Fossil fuel price Capital grants EPBD+ transposition
Current prices + 10% (FFP+1°) Current grants + 10% (CG+1°) Pre-EPBD (EPBD’)
Current prices (FFP°) Current grants Post-EPBD (EPBD+)
Current prices -10% (FFP'10) Current grants -  10% (CG'10)
t  EPBD -  Energy Performance of Buildings Directive (EU, Dec 2002)
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3.2 Carbon taxation (CTAX)
The Carbon taxation scenario investigates the potential impact on commercial and residential 
sectors from applying a tax on the fuels that generate carbon emissions. Increasing the level of 
carbon taxation, and broadening the scope of application, will be simulated by first extending 
the CCL beyond the commercial, public and industrial sectors into the domestic sector so that 
grid electricity, natural gas and other fossil fuels will be taxed at the billing point thus increasing 
unit rates. Secondly, the level of the tax, termed the Extended CCL, will be increased. In 
addition, there will be a reduction to zero in the value added tax (VAT) levied on professionally 
installed renewable energy and energy efficiency plant and materials to support the carbon tax 
regime. The current rate for these products has eventually followed fossil fuels down from the 
standard VAT rate to 5%.
This scenario will utilise the downstream effects of such policies by assuming that the 
government transparently ‘ring-fence’ these revenues for re-investment into the fuel-poor 
domestic sector and energy-intensive SMEs that are likely to be most affected by these policy 
changes. Further investment will also be placed into a range of renewable generation projects, 
the smaller building-specific options taking the form of capital grant increases.
3.3 Re-definition of energy supply (ESCO)
The concept of an energy services company (ESCO) appears to provide a solution to moving 
away from energy supply profits based on quantities of energy supplied, and towards a service- 
focused approach such as the provision of lighting, warmth and small power for a pre­
determined fee, with the energy savings providing the profit for the ESCO. In theory this should 
provide impetus towards maximising energy efficiency across a sector. ESCOs generally 
operate by taking on the risk of capital investment, installation and commissioning energy 
efficient equipment and materials to regain profit from the energy savings through a long-term 
contract. Meanwhile, the company receiving the energy pays reduced energy bills, due to the 
saving measures installed, plus a fee to the ESCO, which together total less than the original 
bill. At the end of the contract, usually 5 - 1 5  years, the company is left with just a reduced 
energy bill to pay (Plastow, Oct 2001).
A key ‘tipping point’ for a move towards ESCOs is an increase in the price of energy. The level 
at which this would occur is unclear, but given the recent increases in oil and gas prices, which 
are inevitably passed on to the consumer, an increase in energy prices is considered likely and 
is factored in to this scenario. Using DTI statistics (DTI, June 2005) it is clear that electricity and 
gas prices have been steadily increasing over the last year, as a consequence to rises in the 
price of crude oil.
The change to an ESCO type of energy supply contract will encourage the following market 
changes that will be included in this scenario:
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• Net metering of two-way electricity flows from embedded generation plant at a similar unit rate 
for both inward and outward electricity flows from a premises;
• Expansion of the ROC scheme, aimed at encouraging the small generator, so that ESCOs are 
persuaded to install renewable generation technologies, rather than simply efficiency 
measures. This could be in the form of offering preferential ROC values to smaller generators.
• Expansion of the Energy Efficiency Commitment (EEC) for the domestic sector so that the 
focus goes beyond predominantly the fuel-poor.
• Removal of the 28-day rule that allows customers to change suppliers at short notice. This 
would alleviate much of the contractual risk that ESCOs suffer from with this rule in place 
(Biermann, 2001).
• Redress the VAT levied so that the rate charged for energy services matches that for energy 
supplied (currently at 5% VAT) (Biermann, 2001).
3.4 Enhanced market mechanisms (MARKET)
After nearly a decade of liberalised energy market in the UK, the current government energy 
policy relies heavily upon market-based measures to achieve carbon reduction targets. While 
this approach has achieved minor successes, it has under-performed relative to the targeted 
improvements required to maintain a path towards the 60% emissions reduction by 2050 goal. 
This scenario will look at the potential benefits on building designs by substantially enhancing 
the market-based approach by increasing the incentive to invest in, and operate, efficient 
energy systems and renewable generation plant.
Existing market-based measures have been introduced as part of the UK Climate Change 
Programme (DETR, Nov 2000) and enhanced in the Energy White Paper (DTI, Feb 2003). For 
this MARKET scenario, the following changes to the energy market landscape will be imposed, 
focusing upon those that encourage low carbon designs and specification, or penalise 
excessive fossil fuel consumption.
• Renewables Obligation (RO) mechanism will be maintained but the buy-out price will be 
increased from the current (2004/5) 3.139p/kWh to 5.0p/kWh. This is illustrated in Figure 3, 
showing that an increase in the Buyout Price will mean that more renewable generation 
projects will come in under the opt-out rate. This is in response to projections of insufficient 
progress in the renewables sector despite increasing requirements on utilities for renewable 
contribution to supply. This change tests the possibility that the buyout price is insufficient to 
stimulate investment in renewables.
• EEC will be expanded three-fold to cover a broader domestic sector, focusing on the fuel 
poor, and the worst performing existing stock.
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• CCL increased and broadened by a factor of two, and applied to both non-domestic and 
domestic consumers. This will allow capital grants for embedded low carbon and renewable 
generation systems to be increased three-fold.
• Energy labelling of buildings, in line with the EU Energy Performance of Buildings Directive 
(EPBD), will be applied encouraging the energy performance to be taken into account in 
property investment decisions (EU, Dec 2002).
• The EU emissions trading scheme (ETS) is imposed on the electricity generation and energy- 
intensive industrial sectors. As this scheme is rolled out it has been estimated that energy 
prices will increase, as costs are passed onto consumers, by between 10 and 40% (CCM, 
July 2004). However, based on Carbon Trust estimates, the impacts on the domestic and 
SME sectors for a proposed carbon price of €10/tCO2 will be nearer 4% for electricity and 
0.1% for gas, with larger industry bearing the brunt of electricity price rises. For this scenario, 
the cost of carbon emissions will be increased to take greater account of other social and 
environmental externalities, as described in the DEFRA report (Clarkson & Deyes, Jan 2002) 
that provided an average figure of £70/tonne (€100/tonne) for carbon dioxide emissions. While 
it would be unreasonable to expect the ETS to use this figure, the bottom of the range of 
estimated emissions costs was £35/tC02 (€50/tCO2). If this is applied to the ETS, estimated 
energy price increases can be approximated as 3.5 times the Carbon Trust estimates. This 
would give a proposed energy price rise as a result of this increase in the carbon price of 14% 
for electricity and 0.35% for gas.
Price of ROCs
M ARKET ScenarioA A
Current Buyout
Market Size (kWh)
Figure 3 Theoretical market changes from an increase in Buyout Price (adapted from 
Smith & Watson, April 2002).
3.5 Increased capital support (CAPG)
The CAPG scenario examines an alternative approach that uses government spending to 
directly catalyse the renewable generation and energy efficiency markets to realise the required
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improvement in building energy performance that would help meet climate change targets. The 
existing energy market landscape includes a range of capital grant schemes for various sectors 
covering the fuel poor, community schemes, domestic and commercial establishments.
A key issue with the current capital grant procedure in the UK is the difficulty with which the 
grants can be obtained, the uncertainty that such grants will actually be granted, and the 
predictability that they will be available from project concept stage through to completion of 
installation. Funding is given in batches to cover a defined period. If the funds are all allocated 
before this period is over, then no more money is available until the next batch of funding is 
made available. Furthermore, there is no guarantee that there will actually be a subsequent 
period and funds available. This creates great uncertainty for investors and householders, 
particularly when approaching the end of a period of funding. As part of this scenario, it will be 
assumed that restructuring of the capital grant securing process will greatly improve the 
accessibility and certainty of government funds for appropriate projects.
To fund any increase in capital grant schemes, the government must secure additional revenue. 
This can be done by increasing the VAT on electricity and gas from the current reduced rate of 
5% to the standard rate of 17.5%. Simultaneously, the VAT levied on energy efficiency and 
renewable generation plant and materials will be reduced to zero. The resulting funds are then 
transparently ring-fenced for investment into low carbon technologies and energy efficiency 
projects through an enhancement of the existing schemes. This will give a very clear signal to 
investors and property owners, and the low carbon investment will take affect immediately. As 
the market shifts away from fossil fuel use in buildings, and revenues begin to diminish, the 
economies of production will have reduced the cost of low carbon systems so that the capital 
grants can be reduced.
3.6 Fossil fuel price escalation (FFESC)
It is anticipated that, fuelled by crude oil prices to which gas, and hence electricity, are closely 
linked, and the imposition of climate change policies such as emissions trading, the current 
energy price level will at least be maintained with no expected reductions, and is very likely to 
increase steadily (DTI, June 2005). For this scenario, a continuous escalation in energy prices 
will be used by introducing an energy price escalator that will raise fossil fuel prices on an 
annual basis in real terms. In the Building Energy Model the escalator will be imposed 
incrementally for each year and reduced to the Net Present Cost (NPC) for each design. This 
will allow investment decisions to be made based upon predictions of future energy prices.
While it is appreciated that a perpetual escalation in the cost of energy will produce a 
subsequent increase in the tax revenues through VAT to the government, it is not expected that 
this will necessarily be available to the government for capital investment. In these scenarios, 
there are likely to be significant social implications, and any tax revenues that result will be used
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to mitigate the impacts of the increasing energy costs for the fuel poor and energy-intensive 
SMEs. However, it can be expected that the current levels of government investment through 
capital grants will at least be maintained (as in the BAU scenario), as there w ill be increasing 
pressure to find non-fossil fuel solutions.
3.7 Pro-centralised renewable generation (CENTGEN)
This scenario describes a centralised approach to increasing the renewable generation in the 
UK, without any further capital investment in nuclear plant. Here there is a pre-disposition 
towards larger renewable systems supplying power through the existing transmission and 
distribution networks. As a result of this, there is likely to be proportionally less available 
investment into smaller-scale embedded renewables.
This scenario is similar to that proposed as the ‘Clean and Green’ scenario in The Generation 
Gap (Evans, 2 0 0 2 ) which “assumes the need for serious emissions reductions, a medium level 
of gas import dependence and a limited willingness to intervene in the market in order to pursue 
policy objectives beyond the purely economic. Here new nuclear is ruled out as a result of a 
strong commitment to environmental sustainability. Instead the scenario shows a high level of 
commitment to renewables (which provide 25 per cent of electricity generated) and energy 
efficiency (overall demand is limited to 384TWh, the effect of successfully implementing the 
target proposed by the Performance and Innovation Unit of a 20 per cent efficiency 
improvement by 2 0 1 0  with another 2 0  per cent by 2 0 2 0 ).”
However, the effect that such a scenario would have on building design has not been fully 
researched. There would undoubtedly be a greater emphasis on energy efficiency technologies, 
and grants are likely to be available in a similar way that the EEC operates today. However, 
small-scale renewables are likely to suffer from a withdrawal of government fiscal support in 
favour for large-scale renewable and low carbon systems. Within this scenario, the following 
changes to the EML are factored into the building energy analysis:
• Capital grants available for energy efficiency in buildings through an extension of the EEC, 
while schemes to promote embedded renewable will remain as the BAU scenario.
• Building Regulation standards for thermal performance will be made more demanding.
• There will be no net metering.
3.8 Pro-distributed low carbon generation (DISTGEN)
The existing provision of electricity throughout the UK is via a transmission and distribution 
network linking large generators to all consumers. There is a strong case for extending this 
system to be able to include smaller generators located within the local distribution networks, 
and linking this with a paradigm shift towards renewable and low carbon technologies. While 
there will be a need for a centralised network for large power movements and balancing
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purposes for the foreseeable future, the key benefits that can be realised (Dunn, July 2000) 
from adopting a more distributed energy generation sector are:
• Modularity -  generating units can be sized and adjusted to meet demands.
• Short lead time -  small generators can be sited and installed far more rapidly. Also, there are 
likely to be fewer restrictions in the planning process.
• Fuel diversity -  some small generators need no fuel (e.g. wind & solar based) while others 
use a variety (gas, wood, waste, biodiesel etc). This means that fossil fuel prices will have a 
reduced effect on the operational cost of small generators.
• Reliability & security -  it is unlikely that all small generators will go off-line at the same 
moment, and buildings with embedded generation can be protected from regional grid 
failures.
• Infrastructure -  encouragement of distributed generators can delay the requirement for local 
network reinforcement. (However, this can be negated by the demands of networks to be able 
to operate in two directions and accept intermittent supplies).
• Local community empowerment -  micropower gives communities choice and a sense of 
responsibility for both their energy supply and their demands. This can be aided by clear, real 
time metering of usage.
• Avoided emissions -  small-scale generators emit lower amounts of particulates, NOx, SOx, 
heavy metals and C02. Some technologies emit none; others like CHP use a fossil fuel far 
more efficiently.
There remain many barriers to adopting a more distributed energy supply, not least the existing 
vested interests and live investment of the large energy corporations. The energy industry is set 
up for centralised power supply; NETA and BETTA are designed to regulate large power inputs 
to the network, and often hinder the intermittency and smaller scale of renewable generators 
(DTI, May 2004). Network operators (National Grid and the DNOs) often argue that the ongoing 
need for a centralised network to provide back-up and supply security will become uneconomic 
if the network is altered to favour distributed generation (Shaw, summer 2003).
However, the UK energy sector is approaching a decision point regarding investment in new 
nuclear generation as old stations go offline, or investing in a more distributed non-nuclear 
energy future (Willis, June 2005), and it has been shown that investment on small-scale local 
energy solutions is likely to be a more effective investment than in new nuclear generation. To 
create an EML that encourages distributed generation ahead of the existing centralised situation 
is likely to require the following measures to be put in place:
• Government funding that would have been spent on new nuclear plant is instead spent on 
facilitating network reinforcement and changes to allow local grid output connection; two-way 
and intermittent flows; safety measures to mitigate for ‘islanding’ for network operatives; and 
net metering to all premises.
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• Energy efficiency of buildings is promoted through an extension of the EEC, plus more 
demanding requirements on the thermal performance of the building envelope in the Building 
Regulations.
• Capital grants schemes are also funded from the diversion of new nuclear investment into 
existing schemes that promote renewable generation technologies.
3.9 Public sector-led renewables expansion (PUBLIC)
Using the public sector and local government to enforce energy efficiency and renewable 
generation contributions from new development is a concept that is increasingly appealing and 
widespread. Merton Borough Council is now renowned for requiring developers to provide at 
least 10% of electricity demand from low carbon generation on site (Slavin, August 2005). 
Several other local authorities are seriously considering a similar, and in some cases, even 
more challenging approach. In a similar vein, from the researcher’s observation at Project 
Allenby/Connaught, other public bodies such as Defence Estates are also requiring a 10% low 
carbon energy contribution.
The combination of local authorities and public bodies setting as a pre-requisite a renewables 
target could prove an effective measure in overcoming the.current cost deficiencies that hinder 
renewables uptake. By including a renewables contribution as part of the planning conditions for 
a new development, or as a non-negotiable bid requirement for a PFI scheme for the public 
sector (as is the case for Project Allenby/Connaught), the vast majority of new buildings in the 
UK could very quickly fall under such a condition, and developers will either have to pay or 
leave the arena. The inclusion of renewables in this way then partially removes them from 
market forces as they will have to be included irrespective of cost if the development is to go 
ahead. Additionally, there is the possibility that a rapid market uptake that should result from 
widespread adoption by local authorities will reduce costs of plant and installation as economies 
of scale take effect.
This scenario will be considered as an extension of the current policy market status, where 
capital grants and market mechanisms remain as today. There will clearly be little incentive to 
go beyond the required renewables contribution, and effective energy efficiency measures will 
allow a lower investment in renewables, and could produce a useful method of mitigating the 
additional costs, this scenario requires further exploration before a fully developed schedule of 
variations can be developed.
4 Building Energy Model
The Building Energy Model (BEM) has been under development over the last nine months. The 
carbon sub-model, which uses the SAP methodology, is complete for the four building types 
(residential new build; residential existing; simple office new build; simple office existing). The
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focus recently has been the development of the cost sub-model to demonstrate variations in 
both capital outlay and life cycle expenditure for the four designs as different scenarios are 
applied.
4.1 Energy Plant Database
Providing a current and relevant output from the model requires careful market research and 
recording of input parameters, particularly for the finance sub-model. Detailed market surveys of 
building service systems, energy-saving elements and building fabric have been conducted 
using the following source types:
• Project Allenby/Connaught -  discussions with Quantity Surveyors; plant specification data; 
interviews with Energy Designers (mechanical & electrical engineers plus architects);
• Industry guidance -  using data from specifications -  e.g. CIBSE;
• Case studies of existing energy solutions from specialising companies -  e.g. Solar Century 
and Kensa Engineering;
• Wholesale supplier cost data -  e.g. Knauf Insulation and Viessmann Ltd;
• Government grants and subsidy reports - e.g. Major PV Demonstration Programme (DTI, 
2003) and EESoP Review (EST/Ofgem, July 2003);
• EU market reports -  e.g. Thermie B Programme report (EC, Feb 2001).
From these and many other similar sources, it has been possible to develop a database for a 
selection of energy systems and solutions that can be applied to the selected building designs 
according to the scenario in question. The parameters recorded were as follows:
• Plant cost (£) given a defined capacity/ new build or retrofit.
• Balance of system cost (£)
• Installation costs (£) given new build or retrofit.
• Value Added Tax (VAT) (£) for the various cost stages.
• Commissioning cost (£)
• Planned & unplanned maintenance costs (£/year), plus maintenance schedule if available.
• Plant lifespan (years)
• Fuel type requirement (natural gas; grid electricity; solar/wind; etc)
• System efficiency (%)
• Government subsidies available (£)
• Expected annual energy output (kWh/year) for southern UK conditions.
Where a range of products are available for a particular function, for example insulation, then an 
average cost and performance figure for each insulation thickness assessed is produced given 
the range of values from different manufacturers. The data is then applied to each building type 
through the same Scenario Set Up directory that is used by the carbon sub-model. This
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directory uses a series of switches for each function within the building to pre-set the elemental 
and building service specification. The model simultaneously assesses the carbon and financial 
performance of the four building types for five design theme scenarios (BAU, SOL, CHP, INS, 
MIX).
4.2 Finance sub-model
Financial decisions on building design and plant investment are predominantly based upon a 
balance between the initial capital outlay and the operational and maintenance costs when 
compared against alternative designs. Of these two components that make up the financial 
model, it appears, from the researcher’s participant observation studies, that in most situations 
the capital outlay that is dominant.
The reasons for this capital cost weighting are mainly focused on the relatively low operational 
cost of running building services, and when these are discounted using standard investment 
appraisal techniques, this value is further reduced. Grid electricity and natural gas fuel form a 
small proportion of a company’s, or householder’s, annual bills. In the domestic sector, the 
average proportion of annual income spent on fuel is 3.6% (DTI, July 2002). In the commercial 
sector, the proportion can be far less when compared to salary costs for example, although 
there is much variation. Building service systems, such as boilers and ventilation plant, which 
differ from the standard approach often involve a higher initial outlay. There is both 
technological risk that the system does not operate as expected, and investment risk from 
spending now to save in the future based on assumptions on the market conditions at that 
future time, that have to be factored into the decision-making process.
The cost sub-model, illustrated in Figure 4, strives to demonstrate both the capital investment 
and the life cycle costs for various system combinations. The method uses standard discounted 
cashflow analysis techniques to derive the Net Present Cost (NPC) given a defined assessment 
period and discount rate. The model produces outputs of capital cost and NPC for the whole 
system in parallel with the carbon emissions that result from the carbon sub-model. So for each 
design, three comparable parameters are produced given the design and market conditions that 
are set.
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X > r
System Data Assessment variables
Initial capital cost (Co1) Period (N)
Maintenance cost (M AINTEX) Discount rate (r)
Lifespan Fuel price (gas & electricity)
Fuel & power requirement Net metering & buy-back price
V J )
f
1. Lifecycle capital costs, C0 =
C0‘ x N
- C  1 '- '0lifespan
2. Fuel costs, cFUEL = {demandGAS X priceGAS) + (demandELEC X priceELEC)
3. Operational cost, OPEX  =  cFUEL — earnings (if net metering applicable)
4. Running costs, CN = OPEX  +  M AIN TEX .
N j
5. Annuitization factor, 7-------- y"
/=o (1 +  r )
6. Net Present Cost (of Project X), NPC^X r ^ =  C0 +  CN X  A ^ r  Nj 
Figure 4 Financial sub-model methodology
The final stage in the methodology, that of discounting the re-investment capital expenditure, 
C0LC, according to the time at which it is invested, has to be completed. Once this is done, the 
NPC output will provide an holistic financial picture of the net present costs that includes initial 
and subsequent investments, operational costs and maintenance costs for a defined 
assessment period and discount rate. It is also considered a possibility to incorporate an option 
to change the discount rate at stages throughout the assessment period, say every 15 years, 
although the mechanism for this has not been developed yet.
4.3 Expansion of Baseline Scenario
As mentioned in Section 3.1 above, there is a need to expand the baseline to account for 
natural short-term variations in the most variable, or predictable, elements of the EML. Table 1 
listed the variations to the fossil fuel price; the level of capital grant available; and the status of 
adoption of the energy performance of buildings directive into UK legislation and Building 
Regulations. Including these variables as part of the BAU scenario allows a variety of plausible 
starting points for the analysis, and an element of longevity to the application of the model.
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The three variables included at this stage represent the influence on the EML from different 
sources. The price for fossil fuel, essentially governed by the market value of crude oil, is a 
global factor that affects both natural gas and grid electricity prices. 2005 has seen substantial 
increases in crude oil prices, and this is passed onto consumers as futures contracts run out, 
and increased supply costs are factored in. Over the past year, gas prices charged to 
consumers have increased by 9-13%, while electricity has increased 10-21% (DTI, June 2005).
The availability and level of capital grants for energy efficiency and low carbon energy 
technologies are set by UK government, and is subject to variation due to a number of issues. 
Firstly, capital grant funding is provided by issuing a fixed amount of funding for a defined 
period. If demand is higher than anticipated then the funds are depleted before the full period of 
funding has run. This often leads to uncertainty in availability and provision of grant support for a 
particular design. Secondly, there is an element of bureaucracy involved in attaining capital 
grants that deters many potential low carbon technology investors, and in commercial terms 
there is a cost attached to submitting a claim for grant support which is included in the business 
case.
The forthcoming energy performance of buildings directive will have a dramatic impact on the 
design and specification of new buildings, and the way in which existing buildings are 
refurbished. However, the date at which this directive becomes UK legislation has been subject 
to repeated delays and uncertainty, and hence it is often difficult for an energy designer to know 
which standard applies for his building design. This baseline case takes this into account by 
allowing a starting point either before, or after, the adoption of the future requirements of the 
directive as it is currently foreseen. This will affect, amongst many other elements, insulation 
levels, boiler specification, the amount of glazing in a fagade, details to reduce air infiltration, 
lighting design and ventilation systems.
Defining the baseline using these three variables is done using a sub-scenario array that 
changes the baseline set up, and reflects those changes on the alternative design themes. This 
means that each theme starts using the same baseline assumptions, and ensures a consistency 
in output for defined market conditions.
5 Academic Journal Paper
In the 30 Month Report (Atkinson, April 2005), three themes were identified to pursue as topics 
for an academic paper submission. These were, firstly, an exploration of the concept of the 
energy market landscape as it applies to the energy designer; secondly, a more detailed 
examination of the rate of uptake of low carbon and renewable generation energy technologies 
in the UK; and thirdly, to summarise the findings of this research describing the connection 
between energy policy, market strategy and the design of energy systems in buildings.
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To date no academic paper has been submitted to a journal for publishing, and it is understood 
that this is a programme slip that requires resolution at the earliest opportunity. The current aim 
is to have at least one paper submitted by the end of this year.
However, there has been progress along the themes described. The concept of the energy 
market landscape, as summarised in Section 2, has been defined and explored, and will 
constitute an early chapter of the final thesis. While further expansion is required, there is 
sufficient material to translate this into a paper within the timescale set.
The second theme, exploring energy technology uptake, has been pursued to a lesser degree 
over the last 6 months. This theme was the subject of the 2005 EngD Conference paper 
submission (Atkinson et al, Jan 2005), and there is sufficient material to transfer this to a paper, 
although some updating work is required.
Linking the EML to the energy designer is the third theme, and this naturally follows on from the 
successful completion of the first two themes. As such, there is less material currently ready for 
development into an academic paper. However, this theme is based around the development of 
the market variation strategy described in Section 3, and expansion and extrapolation of this 
theme will result in a paper submission. It is unlikely that this theme will be completed by the 
end of this year, and is more likely to be complete around the time of completion of the research 
as a whole.
A possible fourth theme has recently been identified, resulting from a module assignment 
completed in September of this year (2005). The module explored construction materials as part 
of the Materials course. The assignment title was: “How sustainable is the construction 
industry?” From this broad theme, the researcher decided to approach this topic by seeking to 
measure selected performance indicators against defined sustainability themes applicable to the 
construction industry. A methodology was set out that combined a quantitative performance 
indicator analysis with a more qualitative sustainability appraisal approach. Indicators were 
taken from a variety of sources, with most selected from the DEFRA publication of sustainability 
indicator performance Quality of life counts (DEFRA, Dec 1999 & March 2004). Other sources 
included the Considerate Constructors Scheme; the Health and Safety Commission; Investors 
in People; BSRIA; and the Building Research Establishment. A broad assessment of 
sustainability performance for the construction sector was developed that examined social and 
environmental issues as well as local and national economic factors, and international 
competitiveness. It is felt that this theme would provide suitable material for an academic or 
industrial journal submission, but would be supplementary to the themes listed above that are 
more focused on the overall research theme.
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6 Programme
The programme submitted with the 30 Month Report has been used as the basis for this 36
Month Report programme. The programme has been updated to include any slippage, new
information such as module changes, and the current strategy to achieve research completion
by the end of September 2006. The current programme is shown overleaf.
The main changes to the programme can be summarised as follows:
• The Talking to Media/Communications’ module has been postponed until the New Year 2006. 
The dates are yet to be confirmed. The ‘Writing up Portfolio’ module, that was appended to 
the Media module remains at the end of October.
• The ‘Materials’ module assignment required more time than was originally allocated.
• The cost sub-model development is ongoing, and should be complete by mid-November. 
When complete, the initial model runs using the BAU scenarios will be performed on the 
Building Energy Model.
• The energy designer interviews have been delayed from their original schedule during the 
summer. It is now planned to complete this information-gathering exercise during November, 
so that data received can be input into the EML scenario iterations that follow in January.
• An academic paper will be completed by mid-December, and submitted by the end of the 
year.
• The portfolio and final thesis write-up and review periods remain largely unchanged.
It is felt that the programme described here sets out an achievable strategy to complete the
EngD by the end of September 2006.
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7 Conclusion
This 36 Month Report has described progress over the last 6 months towards the completion of 
EngD research by the end of the 2006 academic year. Research has progressed along three 
connected themes in this period. Firstly, the concept and definition of the energy market 
landscape has been explored. This forms the foundation of the research that aims to describe 
the connection between the energy market and the decisions made by energy designers for 
specific buildings. Development of the EML concept allows parameters to be defined, 
constraints to be set, and potential variables either included or scoped out of the analysis, on 
both the market scale and within the specific design. A detailed description of this work will form 
an early chapter of the final thesis.
The second theme explored during this 6 month period has been to develop a strategy to 
change variables within the EML that are transferred to specific design decisions for the energy 
designer. This EML variation strategy attempts to relate market and policy changes and 
consequences to representative variables that are included as part of the Building Energy 
Model. Within this, the BAU scenario has been expanded to allow a more flexible starting point 
for the analysis. This expansion has allowed baseline variables for fossil fuel price, capital 
grants and the application, or otherwise, of the energy performance of buildings directive to be 
included at the start of the assessment. The use of market scenarios explores plausible policy 
decisions, or market landscape changes, to be imposed on building designs for the duration of 
the assessment period. Work on this variation strategy is ongoing.
The third theme has been to continue development of the Building Energy Model so that it can 
provide an output of carbon emissions, capital investment and lifecycle cost for specific building 
designs within the defined schemes. An energy system database has been set up to record a 
range of data that will be used by both the carbon sub-model and the finance sub-model. This 
data is sourced from a range industry and manufacturer information, and provides a transparent 
register of data and assumptions made. The finance sub-model has been developed, and nears 
completion, using a standard approach to discounted cashflow analysis to reduce designs to 
their Net Present Cost over a defined assessment period for a given discount rate.
Finally, the research programme for the final year of research has been updated to show a 
strategy to achieve research completion within the required period. Some items have slipped, 
such as the energy designer interviews, and have had to be incorporated at a later time. 
However, the overall schedule to finish research by the end of September is achievable.
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42 Month Report
Summary
This report records progress made in the six month period between 1st October 2005 and 1st 
April 2006 towards completion of the EngD portfolio reflecting research into the influence of the 
energy market landscape on building energy solutions. The research uses a spreadsheet-based 
model to calculate the impact, in terms of carbon dioxide emissions and whole life cost, of 
variations to the energy market landscape as it relates to the built environment. The model has 
been developed to include sufficient variation and flexibility so that a range of landscape 
changes can be studied allowing valuable conclusions to be revealed. It is anticipated that the 
conclusions reached on completion of the analysis will inform the reader of policy and market 
variations that are likely to result in more beneficial investment conditions for low-carbon energy 
solutions and technologies embedded into building design.
The detailed analysis phase is about to commence following the completion of the methodology 
for linking market landscape variations to building energy model variables. A schedule will be 
developed to ensure a comprehensive and appropriate analysis procedure, and will describe 
the extent of sensitivity analyses required.
Overall, there remains substantial work to be finished by September 2006, however, a 
programme to achieve this deadline has been provided, and is considered attainable.
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Introduction
This report is the continuation of 6 -monthly progress reports towards completion of the EngD 
research programme in Environmental Technology. The research question seeks to describe 
the interaction of the variables that form the energy market landscape (EML) that must be 
assimilated by the building energy designer, to derive under what landscape conditions the 
designer will be encouraged to opt for low-carbon energy solutions in buildings.
To determine the scope and nature of the influencing factors within the EML, as it applies to 
building energy solutions, a detailed literature review has been conducted. Energy policy, 
market reaction and building design are all constantly changing and developing components of 
the EML, and this has required regular updates of literature and market viewpoints.
A building energy model (BEM) has been developed to aid the analysis of changes to the EML 
as they are applied to specific building designs. This model is spreadsheet-based, and 
describes outputs in terms of annual carbon dioxide emissions and discounted net present cost 
(NPC) over a 60-year period for an office and a residential building of similar scale. The model 
will be used to demonstrate the impact of specific variations for a defined set of EML scenarios 
that relate to possible policy and market approaches to energy in the UK.
This report has been set out to broadly mirror the structure of the final thesis, and to address the 
progress that has been achieved towards the completion of each section.
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1 The Research Question
The overall aim of this research project is to aid the adoption of sustainable principles in the 
political and economic framework in which society exists. By focusing on the UK energy market 
as it applies to the design of buildings and their interactions with the environment and the 
community, this study addresses key issues that are facing society today in a rapidly changing 
market landscape.
The research question has been prompted by an over-arching demand to find ways of delivering 
sustainable development within a market landscape. It is clear that society requires some form 
of economy, and for a consistent economy to be created it must work within a set of rules -  a 
market. But how can sustainable development be delivered in a market landscape?
This leads to an assessment of both the requirements of sustainable development, and the 
nature and limitations of the mechanics of the current market system. To tackle this without 
broadening the research beyond the possible scope of this EngD, and to best utilise the skills of 
the researcher, it is proposed to focus this study on the energy market as it applies to the built 
environment.
If the energy market landscape as it applies to the built environment was tailored to encourage 
the adoption of the principles of sustainable development, what form this landscape take, and 
how would the market operate? This is a fundamental question that attempts to visualise the 
final goal of an energy market that operates to the benefit of the environment and society, 
including socio-economic benefits, rather than solely satisfying the economic goals of 
minimising monetary costs and maximising monetary profits.
The research has started with a review of the current energy market landscape in the UK, and 
will continue with a study of the various influences and drivers within that market, including 
sensitivity analyses of variations of these drivers. This will seek to answer the research question 
of where changes can be effective, and will ultimately give some guidance as to a possible 
market format that will encourage sustainable development of energy services in building 
design.
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2 Energy Market Landscape Concept, Definition and 
Background
A position paper discussing the concept of the EML has been written to form the backbone of 
Chapter 2 in the final thesis. This discussion, combined with the extensive literature review that 
is an ongoing feature of this research, places the various components that influence design and 
investment decisions relating to building energy solutions into an historical, political and 
commercial context.
Operating a liberalised energy market for all consumers requires a good deal of interaction 
between various bodies of different agendas, priorities and requirements. Despite the move 
away from public-owned utilities provision, the government clearly has a strong interest in the 
effective management of energy supply. While there are recurring election deadlines to which 
delivering government strategies are constrained, it is arguable that energy policy goals attempt 
to span these regular horizons to address medium-to-long term energy related issues such as 
the climate change impacts of fossil fuel combustion; security of fuel supplies as North Sea 
reserves dwindle; competitiveness of the UK commercial and industrial sectors; and fuel poverty 
amongst the poorest sections of society, which represent the current priorities of UK energy 
policy (DTI, 2003).
There are key distinctions drawn between supply-side and demand-side components of the 
EML. Supply-side factors depend upon whether they influence energy generation decisions; 
demand-side drivers seek to curb energy consumption by either facilitating investment in 
efficient plant or by encouraging energy conservation practices by influencing the commercial 
decisions based around consumption of energy. Figure 1 illustrates the scope of the EML as it 
applies to the designer and the investor. The degree to which each of these EML components 
are assimilated into the design and specification process, and the impact they have on the cost 
and carbon emissions of a particular design, is the combined objective of the literature review 
and the building energy model to derive.
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Figure 1 Energy market landscape scope
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renew ab le  genera tion  system s, th rough O fgem , and the  in te raction  be tw een th is  body, inves to rs  
and the  gove rnm en t is a key ins titu tiona l fea tu re  in assessing  the po ten tia l fo r ind iv idua l 
techno log ica l app roaches and m arke t m echan ism s to ach ieve  low er carbon genera tion  in the 
UK.
The dem and-s ide  of the  EM L scope encom passes  a broad range of fac to rs  from  the  supp ly  
price o f fue l and power, and leg is la tion  a im ed  at e ffic ien t use and co nse rva tion  of supp lies , 
th rough  to  the nature of energy and deve lopm en t con trac ts  be tw een bu ild ing  m anage rs  and
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utility companies, and government-funded guidance on best practice approaches. There is a 
critical asymmetry between the positions of the tenant and the landlord that discourages 
investment in efficient plant and relieves the commercial pressure to reduce energy demand in 
building operation, which, is a common situation in the commercial sector, and increasingly in 
the multiple-occupancy domestic sector. Government intervention is necessary to rectify market 
imperfections and to include consideration of externalities and social imbalances (Helm, 2004). 
This is achieved using taxes on fuel, power and systems (CCL and VAT), and market 
mechanisms such as the Renewables Obligation (RO) and Emissions Trading Scheme (ETS) in 
conjunction with legislation targeting fuel consumption in buildings (Building Regulations Part L).
Chapter 2 of the final thesis describes the background and setting in which the EML resides, 
discusses the interactions between the numerous components influencing design and 
investment decisions, and provides clearly defined variables that can be used in the market 
landscape variation strategy as input for the building energy model analysis. Towards this end, 
the concept and interactions of the EML have been well developed, and have been used to 
derive EML variation scenarios (see section 3.1).
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3 Methodology
The methodology used to conduct this research has at its heart a spreadsheet model that is 
used to calculate annual carbon dioxide emissions and whole life costs for a multiple domestic 
block and an office building of similar dimensions given specific design principles. As input into 
this model, variables have been included that relate to influencing factors within the EML using 
a set of market scenarios to depict possible future energy strategies and market landscapes.
3.1 The Market Variation Strategy
Six market scenarios have been selected to represent possible future variations to the EML as it 
relates to building energy design. This has been reduced from the original 10 scenarios 
described in the 36 Month Report (Atkinson, 2005) as it was felt that there was duplication of 
strategy in terms of the input variables for the model. This means that for each matrix of input 
data, representing a particular EML scenario, there may be a number of possible reasons for 
creating this landscape, which is discussed fully in the thesis. The six market scenarios chosen 
are as listed below, with full explanation and justification of the strategies selected in the thesis:
3.1.1 Business as usual (BAU)
This scenario acts as the baseline for comparison, using the current (Jan 2006) energy policy 
status, electricity and gas prices, and regulation standards for energy consumption in buildings, 
and includes capital grant levels for specific technologies, CCL, VAT on fuels, plant and 
services, and the ROC buy-out price.
The BAU scenario will also be subject to a sensitivity analysis to detect the impact of steadily 
increasing energy prices. A fossil fuel escalator (FFESC) has been incorporated into the model 
so that gas and grid electricity are increased separately by a fixed percentage each year over 
the analysis period. Given that gas prices increased 9-13%, and electricity prices increased 9- 
21%, in a 12 month period spanning 2004-5, and have increased significantly since, the 
sensitivity analysis will be conducted using values of FFESC of 2, 5 and 8 % annual increase. 
The object of conducting this FFESC analysis is to determine the extent of influence from 
increasing fuel and power prices alone on the financial appraisal for particular design solutions.
3.1.2 Carbon taxation (CTAX)
The CTAX scenario investigates the effect on whole life cost for a particular design solution of 
using taxation as the main instrument to deliver a carbon-reducing energy policy. There are two 
taxes that are considered, VAT and the climate change levy (CCL), and these are selected as it 
is considered more likely that existing instruments would be augmented than a supplanting 
taxation regime is introduced.
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The scenario assumes that government revenue from increased taxes on fuel and power are 
‘ring-fenced’ for re-investment into the fuel poor domestic sectors and energy-intensive SMEs to 
reduce energy demand, plus further investment increasing capital grants and reducing VAT for 
renewable generation technologies.
3.1.3 Re-definition of energy supply (ESCO)
The nature of the contract between a building manager or development client, and the energy 
supplier can be influential when considering generation technologies and system efficiency at 
construction or refurbishment, and energy management and conservation during building 
operation. The traditional contractual approach in an energy market is to be charged per unit 
consumed, and while this presents an incentive for occupants to reduce demand, it offers no 
incentive to suppliers to encourage efficiency and minimise waste. The concept .of the energy 
services company (ESCO) appears to provide a solution by focusing on the provision of a 
service (light, warmth, cooling, electrical power etc) for a pre-determined fee, with energy 
savings beyond a benchmark figure being shared between the building occupant and the 
ESCO. This encourages the ESCO to install efficient plant (e.g. condensing boilers, low-energy 
lighting) and energy conserving systems (e.g. building management systems with remote 
monitoring facility) at their own risk and cost, maintain the systems at peak efficiency charging a 
fee for the service, and a share of the energy cost savings.
To encourage this scenario, it is assumed that certain landscape changes are required. These 
include positive encouragement from government that promotes the installation of two-way 
electricity meters combined with an equitable unit rate for power exported from a building into 
the local distribution network. A preferential ROC value for embedded generators would be 
necessary so that ESCOs can realise useful revenue despite the added administration costs 
resulting from a number of small energy sources. Also, the VAT differential between energy 
supplied and energy services is addressed.
Given the starting point of this scenario, a sensitivity analysis will then be conducted to 
determine the energy price that will act as a ‘tipping point’ towards ESCO contracts, as this is 
seen as a influence (Biermann, 2001).
3.1.4 Enhanced market mechanisms (MARKET)
The MARKET scenario will expand existing market mechanisms available as part of 
government strategy to achieve energy policy goals. The CCL will be increased and applied to 
both commercial and domestic sectors to act as a pan-sector carbon tax. The ROC buy-out 
price will be increased to test the possibility that the current price is insufficient to stimulate 
investment in renewables (Smith & Watson, 2002). In addition, the impact on energy prices as a 
result of changes to the EU emissions trading scheme (ETS), such as an increase in the cost of
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carbon emissions that matches the lowest threshold determined by a DEFRA study of £35/tC02 
(Clarkson & Deyes, 2002), will be included.
The aim of this scenario is to determine the extent of influence that purely market-based 
initiatives can achieve in terms of building design carbon emissions.
3.1.5 Increased capital support (CAPG)
Increasing the capital support from government is another method that can be employed to 
achieve carbon emissions reductions. The CAPG scenario will increase the contribution from 
government towards the capital and installation costs for the existing funded low-carbon 
technologies to determine the contribution level at which investment is encouraged.
There are existing grants available for both generation technologies and efficient energy 
systems, and the changes to these will be funded by increased VAT on fuel and power. To 
further address the balance of operational costs and benefits of promoting microgeneration, 
these measures will be supported by heightened thermal envelope requirements through the 
Building Regulations, and facilitation of net metering with equitable energy export rates.
3.1.6 Public sector-led renewables expansion (PUBLIC)
With the introduction of Planning Policy Statement 22 (ODPM, 2004), there was a legal clause 
that enabled local authorities to require through the planning process a percentage of energy 
demand for a development to be met using embedded renewable and low-carbon generation 
technologies. First to include this in their Unitary Development Plan was the London Borough of 
Merton, where a 10% minimum requirement is expected for non-domestic and, more recently, 
large domestic development proposals (Merton BC, 2005).
In addition, the public sector, which comprises over 50,000 buildings, is subject to efficiency and 
low carbon generation targets as part of the Sustainable Development in Government (SDiG) 
initiative in line with UK Sustainable Development policy goals (DEFRA, 2005). With private 
sector designers, and increasingly investors through private finance initiative contracts, being 
subject to such targets when producing designs for the government estate, there is increasing 
pressure to provide energy solutions that go beyond Building Regulation compliance.
For this PUBLIC scenario, it is clear that further capital support for energy efficiency, or even 
Building Regulation thermal envelope upgrades, will be unnecessary for new buildings as 
optimising the thermal envelope and plant efficiency will be undertaken prior to including 
embedded generation systems. It is, and is likely to remain, the case that energy efficiency is 
cheaper than embedded low carbon generation. Existing capital grant schemes and the Energy 
Efficiency Commitment (EEC) will remain as at present, net metering will be facilitated, and the
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CCL applied to electricity will be increased while that for gas remains constant to promote the 
benefits to embedded generators of electricity production.
To run this scenario, the focus will be on identifying the lowest cost option that achieves the 
required renewables contribution given the landscape described above. The level of the 
required contribution will be tested for sensitivity using 5%, 10%, 15% and 20% contribution 
levels, which will be measured in terms of carbon dioxide savings relative to a standard (BAU 
building design) design solution based upon 2002 Building Regulations compliance. This 
approach will firstly allow the benefits of adopting best practice efficiency measures prior to 
incorporating ELC generation. Secondly, the choice of energy (electricity or gas) to be 
substituted for ELC generation will be a key decision factor.
3.2 Building Energy Model
The building energy model (BEM) is essentially finished, and merely awaits the completion of
the schedule of analysis to ensure a structured and thorough analysis procedure. The number
of variables has greatly expanded in the last six months to accommodate as many EML factors 
as possible. The BEM uses four building designs (new build residential; existing residential; new 
build office; existing office) and subjects these to five different energy design themes (business- 
as-usual, solar, CHP, insulated & mixed renewables). The model uses the EML variables to 
generate annual carbon emissions and net present cost for each building design and each 
design theme, resulting in two output matrices of 20 values each. The carbon sub-model and 
the financial sub-model work in parallel using the same source data and reacting to the same 
variables, as described in the 30 Month Report (Atkinson, 2005).
3.2.1 Design Themes
For each of the four selected building designs, there are five energy design themes, as 
described above. To describe these themes a number of variables are incorporated so that 
appropriate calculation of both emissions and cost can be undertaken, and these, mostly taken 
from the SAP methodology, are listed below:
• Domestic hot water design (DHW) incorporates the area of solar thermal collector (m2); 
primary circuit losses (GJ/yr); boiler efficiency (%); and water storage tank insulation thickness 
(mm).
• Space heating design includes the standard of building envelope thermal performance relative 
to 2002 Building Regulations; the method of heat delivery throughout the building (e.g. 
radiators etc); the method of temperature control; and the main and secondary heating 
systems type (e.g. condensing etc) and efficiency (%).
• Ventilation and air-conditioning design uses the system characteristics of a whole-building 
strategy to provide the required ventilation and cooling. The options included are natural (non­
mechanical) ventilation; natural ventilation enhanced by local extract fans (e.g. in toilet and 
other core areas); and a whole-house mechanical system that can be enhanced by adding 
either heat recovery between extract and supply, or by including air-conditioning for cooling. It 
is appreciated that this approach to describing the energy demand of the ventilation design is
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simplified, and does not allow for the incorporation of efficient fans or partial ventilation 
beyond local extract, but including this is beyond the scope of the requirements of this model 
that focuses on testing the impact of the EML on overall building energy designs. These 
ventilation options are taken from those provided by the SAP methodology.
• The lighting design determines the passive light incorporated into the building design using 
the orientation (± 90s); plus a factor for window area on the north and south elevations (± 
10%). In addition, there are two lighting designs for the domestic buildings (business-as-usual; 
energy efficient), and three design options for the office buildings (business-as-usual; efficient 
in existing building; very efficient for new building). All designs have the option of adding 
lighting management systems (PIRs and photocells) in selected room functions within the 
building to aid energy conservation.
• The electrical design is focused on the parameters describing ELC generation of electricity. 
The variables included are photovoltaics array area (m2) and technology type (mono­
crystalline, poly-crystalline, amorphous, hybrid); micro-wind turbine declared net capacity 
(600W, 1kW, 1.5kW and 2.5kW), the number of turbines and the average wind speed of the 
site (m/s).
The parameters described above are set for each building type and design theme, and used as 
input into the carbon and financial sub-models. Sensitivity analyses will be conducted of specific 
variables within these themes as there are clearly design options that can be taken, and these 
will be discussed at length in the thesis.
3.2.2 Carbon Sub-model
The carbon sub-model uses the Standard Assessment Procedure, or SAP, 2001 as the method 
for calculating annual carbon emissions from both the domestic and office buildings. The SAP 
methodology represents the standard carbon calculation tool, required by Building Regulations 
2002, for domestic buildings. The tool takes into account the building envelope thermal 
performance; the efficiency and control of the heating system; ventilation and solar gain 
characteristics; and the type of fuel used for space and water heating. Excluded from the SAP 
are location, occupancy, ownership, individual heating patterns, small power and lighting 
requirements (DEFRA, 2001).
The methodology used in the BEM uses an augmented SAP 2001 to incorporate lighting and 
small power requirements, plus provision for embedded low carbon (ELC) generation in the 
form of photovoltaics micro-wind turbines, and an adjustment for micro-CHP. Solar thermal 
DHW and community heating using CHP are part of the standard SAP 2001 method. The 
lighting requirements are calculated using a set of whole-building lighting design scenarios. This 
looks at different lighting solutions, in terms of the number and wattage of light fittings required, 
that provides a similar level of illumination. A usage profile has been used based on the function 
of the building (residential or office) and this produces the power required for each solution in 
terms of kWh/year. Lighting management systems (PIRs and photocells) have been 
incorporated into the more advanced office lighting solutions.
The small power requirement has been taken from industry guidance. For the domestic building 
ECG75 provided a benchmark figure (15.95 kWh/m2) for multi-occupancy accommodation in
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MOD establishments (EEBPP, 1999), which is appropriate for this assessment. For the new 
build office ECG19 provided a benchmark of 20 kWh/m2 for office equipment in a good practice 
naturally ventilated open-plan office (EEBPP, 2000). This was verified using ECG75 for ‘office 
equipment’ plus ‘other electricity use’ figures. For the existing office, the ECG19 ‘typical’ 
benchmark of 27 kWh/m2 was used for the same type 2 building.
To incorporate embedded generation, manufacturer’s data on annual energy output (kWh/yr) 
was used, with the carbon model allowing the number, type and size of generation system to be 
varied according to the design solution. Carbon dioxide savings are calculated from this 
depending upon the substituted fuel type, then subtracted from the overall annual energy 
demand. This resulted in the annual carbon dioxide emissions for each of five design solutions 
for the four building types.
Micro-CHP was included by adapting the existing methodology embedded within SAP for 
community heating using CHP. An 80% load factor was assumed for the mCHP module, with a 
conventional gas-fired boiler making up the shortfall, although this can be varied in the model for 
a condensing model. Electrical (kWe) and thermal (kWlh) output is taken from manufacturer’s 
data and applied to the emissions factors for CHP in SAP to derive the carbon dioxide output. 
For the mCHP design, no other ELC technologies are added as there is a high likelihood of 
redundancy.
SAP 2001 is not designed for use on office buildings; however, to maintain a consistent 
methodology for carbon calculation, and given the similarities in the selected building designs, 
the SAP tool has been adapted to take into account the differing characteristics of the 
commercial building function. The changes were made to the SAP 2001 to accommodate office 
building characteristics were discussed in the 30 Month Report (Atkinson, 2005).
The carbon dioxide emissions for each building type and design theme are listed in the output 
page in terms of tonnes of C02 emitted per year, as a 4 x 5 output matrix.
3.2.3 Finance Sub-model
The methodology used in the finance sub-model, namely using discounted cash flow techniques 
to determine the net present cost of the life cycle cash flows, was introduced in the 36 Month 
Report (Atkinson, 2005). The current analysis period in the model is 60 years, selected to reflect 
the life span of the building and to incorporate a number of replacement cycles for plant. An 
additional time horizon will shortly be added to reflect alternative investment horizons. This 
period will be an additional variable, likely to range between 5 and 30 years, and will used to 
contrast various perspectives to investment against the 60 year building life cycle horizon, and 
provide the facility for sensitivity analysis.
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Most recent work has concentrated around the incorporation of appropriate discount rates 
based upon the Social Time Preference Rate (STPR) and the cost of capital for investments, so 
that investment perspectives are adequately represented for each market scenario. Discount 
rates will be allocated as part of the market scenarios (BAU, GTAX, ESCO, MARKET, CAPG 
and PUBLIC) to best represent the pertinent interest rates that should be applied for the 
particular investment perspective involved. For the ESCO scenario, those technologies in which 
an energy services company might invest will carry a different interest rate to those in which the 
building developer will be investing. Such technology-specific discount rate variation has been 
embedded into the finance sub-model.
The overall finance sub-model is complete, including all input data from manufacturers’ 
specifications, consultation with quantity surveyors, and reference to industry guidance 
(SPONS, 2005). The output provided is the 60-year net present cost incorporating all capital, 
installation, replacement, maintenance and fuel costs for all energy-related elements in the 
building design. In addition, as will be required by the PUBLIC market scenario, the percentage 
contribution of ELC technologies to reducing building energy demand is presented, based on 
the proportional avoided carbon dioxide emissions each year.
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4 Schedule of Analysis, Results and Discussion
Prior to com m encing  the ana lys is  using the  de fined  m arke t varia tion scena rios  app lied  to the 
build ing energy m odel, it is c lea r tha t w ith  the large num ber of va riab les  and  pe rm u ta tions  
possib le , a com prehens ive  and jus tifia b le  ana lys is  schedule  is requ ired. Th is  w ill de te rm ine  the 
spec ific  set up of each bu ild ing des ign  them e; the se lection  of d iscre te  va riab les  w ith in  each 
m arke t scenario ; and de fine  sens itiv ity  ana lyses to be undertaken  as part o f each m odel run. 
D eve lop ing  th is  ana lys is  schedule  is cu rren tly  underw ay, and is expected  to requ ire  a degree  of 
ite ra tion  as resu lts  are a tta ined  from  the in itia l ana lys is .
In itia l resu lts from  the  lighting design  sub -m ode l are show n in F igure 2, illus tra ting  the  annua l 
savings tha t can be ach ieved  th rough d iffe ren t ligh ting  design  p rinc ip les  for the  o ffice . In th is 
case, ene rgy conserva tion  design represen ts  the  incorpora tion  of lighting m anagem en t system s, 
such as m otion sensors  (P IRs) and pho to -reac tive  sw itch ing  in a pp rop ria te  room  functions, 
w h ile  ene rgy  e ffic iency design re flec ts  the use of low -energy ligh t fittings (e.g. T5 fluo rescen t 
tubes and C FLs). Inc luded in th is  ana lys is  are the costs o f lum ina ire  rep lacem en t at end of life 
(both in te rm s o f p lant and labour), m ain tenance  (labour) costs for both ligh t fittings  and 
au tom atic  sw itch ing  system s, and the  benefits  of adopting energy m anagem en t sys tem s in 
te rm s of reduced lum ina ire  opera tion  in key room  functions, and hence longer life o f lum ina ires  
and reduced energy dem and  as a result.
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Figure 2 Effects of energy efficiency and conservation measures on running costs of 
lighting design fora typical office building (EEBPP, 2000)
As the bu lk of the  ana lys is  rem ains to be undertaken , the re  are  few  conc lus ions  to be d raw n at 
th is  stage. It is expected  tha t as the ana lys is  p roceeds, am endm ents  to the  ana lys is  schedu le
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are likely so that points of interest and discussion can be pursued. Incorporating a degree of 
flexibility has been a key feature throughout the development of the BEM by providing sufficient 
variation in a wide range of parameters.
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5 Programme and Portfolio Completion
There has been some significant slippage against the programme submitted as part of the 36 
Month Report. While many of the necessary activities programmed for the last 6 month period 
have been completed, a number have taken longer than anticipated. Omitted from the 36 month 
programme was the Financial Management distance learning module, which was completed in 
November.
The target completion date for portfolio submission is Monday 25th September 2006. To achieve 
this requires a final draft for review to be complete by 21st August, and completion of thesis 
chapters for initial review by 28th July. Significant progress towards the writing up of the first 
three chapters has been made, and the generation of results from using the building energy 
model will provide data for the fourth chapter.
While there remains a substantial quantity of work to be completed, the plan for achieving the 
submission deadline is attainable.
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6 Academic Journal Submission
As stated in section 2, a position paper has been written to explore the concept of the energy 
market landscape, with the intention of submitting this to Energy Policy Journal. However, on 
completion, it was considered that the value to the research lay in the results derived from using 
the building energy model to describe the influence of landscape changes in the energy market. 
For this reason, the position paper written will form the foundation of Chapter 2 in the thesis 
describing the background of the energy market, and the concept of the EML, as it relates to 
building design.
It is anticipated that two papers will result from completing the analysis. The first will set out the 
results of the analysis and discuss the energy market variations that appear to produce a 
beneficial outcome in terms of carbon dioxide emissions and whole life cost for building energy 
consumption, and this will be submitted to Energy Policy Journal. The second will focus on the 
methodology adopted to derive these results, and the use of SAP and discounted cash flow 
analysis in the building energy model. This will be submitted to the Journal of Engineering 
Sustainability, or the Journal of Building Research and Information, as appropriate.
The EngD Conference taking place in September 2006 will provide a forum at which to deliver 
the results of the research. The paper to be submitted and presented at this event will mirror the 
submission to Energy Policy Journal.
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7 Conclusion
Progress towards completion of the portfolio over the last six month period has focused on 
completing the financial sub-model, and developing an energy market variation strategy that 
adequately describes likely government strategies and commercial perspectives designed to 
encourage more sustainable energy solutions in buildings. The number of market scenarios has 
been reduced from ten to six. This will avoid duplication of variations, and redundancy, when 
scenarios are reduced to parameters in the building energy model. This will also streamline the 
analysis, although care will be required when drawing conclusions from the results as there may 
be several reasons that particular variables are adjusted in a particular way.
Substantial work has also been completed on the first three chapters of the thesis. Chapter 1 
describes the development of the research question. Chapter 2 provides the literature review 
reflecting upon the concept of the energy market landscape and its influence on building energy 
solutions at the design stage. Chapter 3 sets out the methodology adopted for this research, 
which uses a combination of scenario-based analysis and modelling of carbon dioxide 
emissions and whole life cost.
While there remains substantial work to be completed, the programme for completion of the 
portfolio by the end of September 2006 shows that this aim is achievable.
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Abstract
During their lifespan, buildings can produce substantial impacts on the environment and 
society that are only now being appreciated. Construction is resource-intensive, with 86m 
tonnes of aggregate and 3m tonnes of steel used in the UK in 1990, plus all the associated 
energy demand and ecological burden. There are far larger impacts during operation - 
energy and water demands influenced by building elements and user behaviour, and poor 
interaction with transport and amenities resulting in high fossil fuel consumption. Wastes 
and emissions have direct impacts on ecosystems and society, and also to be considered is 
decommissioning of a building at the end of its life which must avoid harmful substances like 
asbestos, and encourage opportunities for refurbishment or re-use of materials.
There is a clear need to be able to incorporate these increasingly complex and synergistic 
issues into the design of buildings so that the whole life of a structure provides maximum 
benefits and minimum impacts to the environment, society and the economy. Sustainability 
Appraisal is a framework used for plans, policies and proposals in local government. The aim 
of this research project is adapt this framework to apply more specifically to the construction 
sector, with a scope ranging from development plans, and service and utility provision, down 
to individual building appraisal. The results obtained will provide valuable input for the 
optimal building design that includes the whole sustainability agenda.
Keywords: Sustainability, Appraisal, Construction, Buildings, Environment, Society, Life-cycle, Design. 
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Abstract
The built environment represents the physical core of modern society. Over 40%  
of the total UK energy consumption is attributable to domestic, commercial and 
public buildings. From the perspective of the energy designer, the drivers of 
energy efficiency and reduced carbon intensity of building services are set in an 
energy market landscape that incorporates a complex mix of market constraints, 
commercial drivers, and aspects of the institutional and sociological structure 
within the UK, and the EU. Market constraints, such as regulation, guidance, 
targets and grants, tread a fine line between potentially conflicting policy aims. 
Reducing carbon intensity of buildings is a key policy objective. However, this 
can conflict with UK generation sector competitiveness, low cost energy for 
consumers, international trade for UK technologies and expertise, enabling 
distributed generation, and working within EU constraints.
The business case for low carbon technologies is further restrained by low fuel 
prices from deregulated UK and European energy markets, and use-of-system  
charges from transmission and distribution monopolies. Uncertainties are 
prevalent when considering long-term investment into low carbon technologies 
that are inherently capital-intensive, despite offering whole life savings. Capital 
support and market mechanisms are considered in a political time-frame, which 
is generally far short of the payback periods for some technologies. This 
inevitably leads to a perception of risk, and reluctance to invest.
This paper explores the energy market landscape from the standpoint of the 
building energy designer to ascertain how the various mechanisms in place 
either help or hinder specification and adoption of more sustainable options. This 
will provide insight into market strategies that encourage the step-change in 
carbon intensity of the built environment which forms the objective of the main 
body of research.
Keywords: Low carbon technologies, efficiency, markets, buildings, government, investment, risk.
1.0 Introduction
The impacts to society and the environment from current energy generation practices and use are 
substantial. There is mounting evidence that anthropogenic greenhouse gas emissions are causing 
unprecedented rates of climate change globally. Emissions of C02 from fossil fuel combustion represent 
90% of the UK’s greenhouse gas emissions [1]. In the UK the 1990’s were the warmest decade since 
records began [2 ] illustrating a local pre-cursor to the potentially devastating global effects that this 
phenomenon will have if left unchecked. Climate change impacts are being blamed for a range of 
ecosystem and socio-economic changes around the planet, such as flooding in Bangladesh, heat waves
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in Europe and declining fish and seabird populations in the North Sea [3], and these types of climate- 
related events are expected to increase.in number and severity as climate change gathers pace.
Air pollution is also created by the burning of fossil fuels: the release of nitrous (NOx) and sulphurous 
oxides (SOx), together with particulates in the air we breathe, damage human health and ecosystems.
NOx is also a greenhouse gas (GHG) 300 times more potent than C02, and makes up another 5% of the
UK’s GHG emissions. Add this to the more direct and visual pollution events that occur at sea and on 
land from oil spills and geological contamination and the use of fossil-fuels is clearly a risk to be 
minimised and managed well.
The built environment, incorporating domestic, public and commercial buildings and their interaction with 
the occupants and their environs, represents the physical core of modern society. The majority of our time 
is spent in or around buildings -  work, leisure, home life, holidays etc. The energy that occupants 
demand, whether knowingly or inadvertently, while in buildings makes large demands of the supply 
network and natural resources. Domestic energy demand accounted for 29% of total UK energy 
consumption in 2003 [4]. A further 12% is accounted for by the Service sector, which incorporates 
commercial and public establishments, plus agriculture. The 41% of UK total energy consumption in both 
these sectors can be predominantly attributed to buildings.
Addressing the issue of the carbon-intensity of buildings is now a political and technological challenge of 
our time. Across the EU, electricity generation and supply, and natural gas supply, operate in a 
deregulated market adopted to ensure cheap power for all consumers. Through European Community 
and UK policies, the market is constrained using a range of methods so that environmental and social 
issues are incorporated into market decisions. This forms an energy market landscape that influences 
building services design, and the decisions of engineers, architects and commercial managers for a 
building project. However, the priority given to the issue of carbon intensity does not appear to be 
achieving the necessary step change to building and services design.
2.0 The Energy Market Landscape
The energy market landscape for buildings represents the de-regulated background in which investment 
decisions are formed for energy solutions. The prime drivers are the government, the consumers and the 
distribution and supply system. Fig. 1 shows key components and influences within this market landscape 
that effect decisions from the energy designer’s perspective.
Sustainable energy solutions are divided between energy efficiency measures, such as increased 
insulation, high specification glazing and condensing boilers, and embedded renewable generation 
technologies, such as photovoltaics and micro-wind. For the purposes of this paper, the domestic and the 
commercial sectors will be considered. Within these sectors, the nature of the project also affects the type 
of energy solution appropriate. A new building provides opportunities to incorporate technologies that are 
integrated into the building fabric from the outset. An existing building undergoing refurbishment is limited 
to retrofit solutions.
3.0 Reducing Carbon Emissions in a De-regulated Market
The UK has led the move across the EU towards the de-regulation of energy markets. The de-regulation 
of UK electricity generation and supply system was completed in 1998. This allowed the generation and 
supply of electricity to all consumers to operate within a market, while transmission and distribution were 
maintained in a monopolistic form controlled by Ofgem. The privatisation of supply of natural gas soon 
followed. The use of a market system to cost-effectively supply energy means that any initiatives to drive 
the nature of generation in a particular direction requires the use market mechanisms, rather than
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government directives as would have been the case before. The need to reduce the carbon intensity of 
energy use across the UK, and across the world, has brought about a range of market initiatives and 
regulation to achieve this aim.
G O VE R N M EN T  
Regulation & 
legislation 
Fiscal mechanisms 
Fiscal support 
Targets & 
benchmarks
C O NSU M E R S  
Capital cost 
Operational & 
maintenance costs 
Technological risk 
fitness for purpose 
Profit margin
Energy 
Market 
Landscape
UTILITIES & NETW O RK S  
Fuel costs
Network access & integrity 
Net metering 
Supplier vs. ESCO
Fig. 1 The main components of the energy market landscape
The focus of energy efficiency initiatives in the UK for buildings deals with either the thermal performance 
of the building envelope, or the operational efficiency of plant that provides building services. As part of 
the UK Climate Change Programme [5] and, more recently, the Energy Efficiency Action Plan [6 ], there 
has been a number of programmes designed to improve performance in a cost-effective manner initiated 
by government support. The strategy has used both regulation to raise the minimum standards and 
incentive to extend the uptake of best practice approaches. In both the commercial and domestic sectors, 
Building Regulations (Part L) increased the minimum elemental thermal performance by over 20% in 
2002, with a similar improvement expected again in 2005. In the domestic market the Energy Efficiency 
Standards of Performance (EESoP) scheme has been in place since 1994. This provided targets for 
energy suppliers to implement efficiency programmes and report on energy savings. The fourth round 
(2 0 0 2 ), renamed the Energy Efficiency Commitment (EEC), doubled the investment with Ofgem taking 
over control of target setting [7]. Since the start of EESoP, the incorporation of energy saving measures 
under this scheme in existing domestic buildings has provided a 4.4MtC saving over their lifetime. The 
EEC has been extended to 2011 with a further doubling of investment.
The commercial sector is subject to Climate Change Levy (CCL) payments on all fossil fuels consumed. 
The levy is set at 0.43 p/kWh for electricity and 0.15 p/kWh for natural gas. This increases fuel 
expenditure for business by around 7% for electricity and 15% for gas, and clearly provides some 
incentive to reduce fuel and power demand through the incorporation of efficient plant, appliances and 
management systems. The commercial sector is sensitive to cost changes in general, far more so than 
the domestic sector. But the CCL does not yet seem to be the catalyst to initiate a step change in energy 
efficiency. This is mainly because energy does not represent a substantial proportion of the costs of a 
business [6 ], and the common landlord/tenant situation for office buildings provides little incentive to 
spend on efficiency. Increasing standards in the Building Regulations is the main tool for improving 
performance in this sector, together with guidance and awareness-raising programmes from the Carbon 
Trust and Energy Savings Trust (EST), and sector organisations like CIBSE. However, the Energy 
Performance of Buildings Directive (EPBD) that comes into force in Jan 2006 [8 ] is expected to provide 
some ‘market-puH’ to create demand for better performing buildings using an energy certification scheme.
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In addition, public procurement of office premises is subject to achieving a carbon reduction target of 29% 
below 1990 levels of energy demand.
The energy efficiency technology options that are widely available range from increasing envelope 
insulation levels and the thermal performance of windows to replacement condensing boilers, microCHP 
systems or ground source heat pumps. Also included are more passive forms of energy reduction through 
increased and strategic fenestration that contributes towards both lighting and space heating, or the 
design of a non-mechanical ventilation system. Energy efficiency generally represents the more cost- 
effective end of the spectrum of options for reducing the carbon intensity of a building. Efficiency 
improvements in buildings are expected to achieve around 10 MtC savings per year by 2010 [2]. A similar 
carbon saving is required from an increased contribution from renewable generation sources, such as 
wind turbines, solar water heating and photovoltaics. Some of these technologies can be embedded into 
the fabric of a building, or retrofitted on to an existing structure. Others are only appropriate at a much 
larger scale.
The over-arching government strategy to encourage greater adoption of renewable generation 
technologies is to overcome the capital cost bias in a cost-effective manner. While there are cost savings 
to be realised from embedded renewable generation, mainly from low operation and maintenance costs, 
in the current market landscape these struggle to recoup the initial investment within the normal 
commercial, or political, time-frame. The Renewables Obligation was introduced in April 2002 as the main 
market instrument to deliver greater contribution from renewable energy sources. The Obligation was 
devised to encourage the larger-scale renewables projects to provide the greatest initial impact. However, 
embedded generation options such as micro-wind and photovoltaics have been given easier access to 
the scheme by reducing the minimum generation required to earn a ROC to 1MWh per year. This 
instrument provides an additional source of income from renewable technologies, as well as ensuring 
increasing demand for renewable energy, so influencing the business case at the specification stage of a 
development.
4.0 The Energy Designer Perspective
Building service design and the use of energy within a building falls under the scope of both mechanical 
and electrical engineers, and architects. Both have key roles to play in the evolution of a building design 
from the conceptual stages onwards. The use of energy within a building is affected by decisions made 
from the earliest master planning stages', through detailed design, building construction and onto the 
installation and commissioning of energy plant and their management systems. Therefore, considerations 
that will reduce the carbon intensity of a building need to be included through all these stages. This paper 
considers the perspectives of both engineers and architects together under the group title of Energy 
Designer. This title defines an individual, or team, role that determines the principles, concept, design, 
specification and management of the various energy services within a building. These energy services 
provide the internal comfort and productivity functions of a building and include lighting, thermal comfort, 
ventilation, small power & appliances (where they can be predicted by designers) and some catering 
capability.
The energy designer has a range of issues and priorities to balance in order to achieve a successful 
energy solution. The most important of these is ‘fitness for purpose’, which in this case means providing a 
healthy and comfortable internal environment and facility that is easy to maintain and practical to operate, 
both safely and time-efficiently. This must incorporate factors such as seasonal load variations, 
anticipation of occupant behaviour, sensitivity and ease of controls both for occupants and building 
managers, and access to the various components for maintenance. Clearly, if this prime consideration is 
not achieved to the satisfaction of the Client and the occupants, then the design fails.
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The next most important consideration, from the Developer’s, and hence the energy designer’s, 
perspective is achieving a cost-effective solution. Not many Clients require a state-of-the-art solution, but 
one that satisfies the optimum ratio between ‘fitness for purpose’ and cost. Cost is by no means a 
straightforward concept, and can take into account both capital and operational costs given the required 
performance. This is determined for a pre-defined timescale using discount rates to offset operational 
costs against capital expenditure. Contractual requirements and achieving ‘value for money’ are key 
drivers, or constraints, to adopting a whole life cost approach. Developers of a design and build contract 
are not going to be particularly concerned with operational costs. For PFI contracts, however, the facilities 
management side of the contract should mean that whole life costs over the full project duration are more 
critical. This is not always the case, however, as the award of a PFI contract can still hinge upon capital 
expenditure as Public bodies have to demonstrate ‘value-for-money’ to taxpayers, and also the 
mechanism for passing on operational costs to the Contractor often means that the incentive to install 
energy-saving plant is not fully realised.
Compliance to current, and anticipated, legislation and regulations is another prerequisite to a successful 
energy design. Examples include the Building Regulations [9] and the Energy Performance of Buildings 
Directive. A compliant design also extends beyond UK and EU law, and includes Local Planning Authority 
constraints, and contractually adopted standards such as BREEAM and EcoHomes [10]. This latter type 
of guidance can be very influential to the energy design as it is often written in a bespoke form to closely 
match the nature of the project. The contractual arrangements, while not legally binding, often put in place 
financial penalties for non-compliant designs.
Fitness for Purpose
ComplianceCost-Effectiveness
Aesthetics Longevity Carbon-lntensity
Fig. 2. Energy designer decision hierarchy.
Fig. 2 illustrates a hierarchical approach to energy design that is most likely to be followed. While the 
relative priorities of the issues are determined mostly by the requirements of the Client, and partly using 
. the principles and expertise of the Developer, most energy design will follow this form of hierarchy. Other 
key considerations that form a third level of priority include the aesthetics, longevity and, most recently, 
the carbon-intensity of a particular design.
Aesthetics essentially refers to the visual acceptability of a particular design to a range of stakeholders: 
architect, client, investors, planners, local community and occupants, for example. However, in this case it 
can also be extended to include other ‘nuisance’ concerns such as noise, smell and electromagnetic 
interference. Longevity of the design is closely related to the inclusion of whole life costing principles, and 
refers to the length of time to minor, major and total plant replacement. This is a factor of the quality, 
design and use profile of an installation, but also includes elements of ‘future-proofing’ when considering 
the availability of fuel, changes to climatic demands on the building, and the legislative context in which it 
operates, over the life of the design. The emphasis placed on longevity for plant specification and system 
design will depend upon the contract details (e.g. ‘design and build’ or PFI) and the long-term 
maintenance and management cost mechanisms put in place.
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Carbon-intensity is the ratio of carbon emissions to useful energy output for an energy system. This is a 
relatively new driver for designers to include, and is currently driven more by government incentive and 
public perception than by the realisation of energy cost savings. There are two ways to achieve better 
carbon-intensity performance. Firstly, and usually more cost-effectively, by adopting energy efficiency 
principles in building design and operation that actively seek to minimise the energy demand of the 
building and its operation. The second approach is to use non-fossil fuel sources of power and heat 
generation to meet the energy demand. In simple terms the optimum approach to minimise the carbon- 
intensity of a building is to maximise energy efficiency as a first stage, then adopt the most cost-effective 
renewable generation solutions to contribute to the reduced building energy demand.
To achieve the government’s targets for reducing the carbon intensity of buildings, the priority given to 
this issue in design needs to be raised from this tertiary level to form part of the cost-effective/compliance 
raft of considerations. For some building designs, carbon-intensity holds a higher priority than illustrated 
in Fig. 2, and hence the energy design begins to address the carbon emission issue. However, these 
buildings are currently in the minority of new buildings in the form of demonstration projects, or used as 
an expensive public statement of the intentions of the Client. For the vast majority of the existing and 
proposed building stock, carbon-intensity sits among the tertiary considerations.
5.0 Impact of Market Landscape Variations on Technology Specification
Technologies are constantly evolving and improving, seeking to achieve a greater market share by 
offering an energy solution which better meets the requirements of energy designers. As illustrated in Fig. 
2, meeting the fitness-for-purpose requirement is the prime objective. This is achieved using the most 
appropriate combination of technologies and systems that satisfy the essential principles set out in the 
design brief. There is likely to be a range of possible options and combinations that achieve this objective, 
including low carbon technologies. Some low carbon technologies are relatively immature in their 
development, such as photovoltaics (PV) or micro-CHP, and it can be expected that these will more 
rapidly improve their technological ability to meet design requirements than other established options.- 
This affects the market for such technologies in terms of cost, application, skill base for installation and 
integration with other technologies, as well as the perception of technological risk that an option can 
carry.
The cost of different design solutions, as mentioned above, is a function of capital, installation, operation, 
maintenance and life cycle replacement costs. Cost also includes an element of the risk perceived from 
the nature of the technologies adopted, accounting for unknown variables such as reliability of a new 
technology or the certainty of established plant to meet demand. As technologies evolve and reach a 
wider market, the capital and installation costs generally reduce. Maintenance costs are more stable as 
they are tied to the nature of the technology, rather than the market uptake. Operational costs are closely 
related to fuel prices, either because they use fossil fuels to operate, or because the technology presents 
a solution that substitutes gas or grid electricity with a renewable or low carbon alternative so providing an 
operational cost-free solution.
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Fig. 3 C um ulative uptake of energy effic iency and renewable generation technolog ies in the UK (1993 -  2003), [4, 7, 
11, 12, 13, 14, 15, 16].
The price of energy is a fluc tua ting  va riab le  tha t reacts to  fac to rs  like supp ly scarcity, g loba l con flic t, 
severe w eather, taxa tion  levels, seasona l dem ands and national s tockp iling  of resources. It c lea rly  has a 
substan tia l im pact on the energy m arket, but not necessarily  from  the perspective  of the bu ild ing  energy  
designer. In the com m erc ia l sector, ene rgy costs on ly  account for a sm all p roportion  of cons truc tion  and 
opera tion  costs of a bu ild ing [6]. This m eans tha t reaction to price changes is e lastic, requ iring  a ve ry  
large change in ene rgy cost to genera te  a s ign ifican t change in p lant specifica tion  a t design. In the 
dom estic  sector, the  proportion  of househo ld  incom e tha t is spent on fue l has reduced an ave rage  27%  
across all incom e bands be tw een 1994 and 2001 [1]. So w hile  gas p rices have been re la tive ly  cons tan t 
and low over th is period, incom es have risen. This reduces the m one ta ry  incentive  to save  ene rgy  in the 
househo ld . R ecent increases to  energy prices (12 .5%  increase  in gas from  2001 to 2004; 6%  rise in 
e lec tric ity  in sam e period [4]) seem  to be con tribu ting  to an increase  in low carbon te chno logy  uptake, 
shown in Fig. 3, but the re  are o ther possib le  exp lana tions fo r th is. How ever, the C arbon T rus t are 
pred ic ting  fu rthe r price rises 2004 -  2005, of the  o rder of 16 -  40%  due to the  in troduction  of the  EU 
E m issions T rad ing  S ch e m e [1 1], and th is m ay act as a d river fo r change.
Related to the m aturity  o f a techno logy, and the perce ived  techno log ica l risk, the re  seem s to be d iffe ren t 
rates of specifica tion  fo r d iffe ren t low  carbon  so lu tions. Fig. 3 show s the rate of adoption  fo r a range of 
low  carbon  techno log ies . S o lar the rm a l is a re la tive ly  low -tech m ature  so lu tion  fo r p rov id ing  a large 
proportion  of the  dom estic  hot w a te r (D H W ) in m ostly  res iden tia l p roperties. It in itia lly  c la im ed som e 
m arke t share  at the  tim e of the  oil price rises of the 1970 ’s, and has been g radua lly  increasing  in up take  
s ince then. S o lar the rm a l is genera lly  considered  a low  risk investm ent, w ith re la tive ly  low cap ita l costs, 
occasiona l m ain tenance  and zero  opera ting  cost. H ow ever, it is c lear tha t the rate  of up take  increased  in 
1999, co inc id ing  w ith EESoP 2, and again in 2001, w h ich co inc ides w ith  E E SoP 3 inco rpo ra ting  gas 
custom ers w hich solar therm a l d irec tly  substitu tes, toge the r w ith  a reduction  in the V A T  for renew ab le  
genera tion  insta lla tions. O ver th is period  there  w as a m oderate  increase  in gas price.
The nature  of so lar the rm a l uptake con trasts w ith tha t o f PVs w hich p rov ide e lec tric ity  into bu ild ings  
substitu ting  grid supp ly. PVs are considered  a fa r less m ature  te chno logy  fo r in tegra tion  in to bu ild ing  
designs. They also require substan tia l cap ita l investm ent, w h ich  even w ith zero runn ing cost s trugg les  to
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achieve payback within 20 years. While PVs have received capital grant support from the Major PV 
Demonstration Programme and can earn Renewables Obligation Certificates (ROCs) for suppliers, 
uptake appears to be tailing off. The majority of installations are demonstration projects in high profile 
situations; there does not appear to be market acceptance of this technology yet. Part of this can be 
attributed to the fact that the PV industry has for many years insisted that capital costs will decrease as 
market share increases. Energy designers could be simply waiting for costs to reduce before they 
incorporate the technology into their designs. But the slow uptake is also caused by the small benefits 
that PVs provide given the large investment.
For a normal house, a 1.6kWp (16m2) PV array will generate 1200kWh electricity per year [17], around 
36% of annual electricity demand, saving 0.61 tonnes carbon per year. This compares with an equivalent 
solar thermal installation of 5m2 providing around 1200kWh [18] of water heating per year (60% of DHW 
requirement) saving 0.23 tonnes of carbon. The PV array is likely to cost at least £10,000, while the solar 
thermal system under £3,000. The difference between these two technologies illustrates which is thought 
of as either an ‘everyday’ reliable and low risk solution, or a new ‘banner’ technology used to highlight 
environmental credentials, or to reduce the capital costs of the next installation despite the business case. 
There are good environmental reasons to consider PVs on the basis of the carbon emissions saved from 
substituting grid electricity. But, as shown in Fig. 2, the energy designer traditionally values carbon- 
intensity less than cost-effectiveness.
Year Key Energy Market Initiatives
1994 EESoP 1: £102M  over 4 years on domestic electricity efficiency
1995 Home Energy Conservation Act (HECA): local authorities to report on energy performance of all residential 
accommodation
1998 Consolidated edition of Standard Assessment Procedure (SAP) for domestic energy performance rating 
EESoP 2: £48M  over 2 years for electricity customers
2000 UK Climate Change Programme introduced
EESoP 3: £110M over 3 years for electricity and gas customers
HEESA/Varm Front scheme launched to tackle fuel poverty with efficiency measures
VAT reduced to 5%  for energy efficiency and selected renewable technologies installations
2001 Climate Change Levy introduced: applied to non-domestic consumption of fossil fuels
Latest edition of SAP for domestic buildings
New Electricity Transmission Arrangements (NETA) introduced
2002 Renewables Obligation introduced: required increasing renewables contribution from suppliers
EEC (EESoP 4): £276M  over 3 years for gas and electricity customers
Part L1 & L2 Building Regulations: 20%  increase in thermal performance of building envelope
Major PV Demonstration Programme introduced: £20M  over 3 years
Community Energy Scheme: £50M  over 3 years for CHP community heating schemes
Action Energy Loan Scheme for SMEs for energy efficiency projects over 2 years
2003 Energy W hite Paper published
Clear Skies: £10M over 2 years for renewables in private and community domestic sector 
VAT reduced to 5%  for ground source heat pumps 
Micro-CHP trials: 3 year trials using 200 installations
Table 1
Key initiatives influencing the market landscape for low carbon energy solutions in buildings
A similar comparison can be made between condensing boilers and CHP. Condensing boiler technology 
is a recent evolution of conventional gas-fired boilers, easily replaced and maintained with little difference
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to the skills required to install the unit. Condensing boilers have rapidly increased in uptake supported by 
EESoP/EEC schemes, the SAP rating scheme and soon the 2005 update of the Building Regulations 
which will see the efficiency requirements from a boiler set at such a level that only condensing boilers 
can achieve [19]. Gas-fired CHP offers greater carbon savings by substituting grid electricity with local 
gas-generated power, while also providing space heating and DHW requirements. CHP is an obvious 
choice where there is an effective heat sink, such as a swimming pool in leisure centres, so the plant can 
be sized to meet winter loads without wasting summer-generated heat. In other circumstances however, 
for example when looking into micro-CHP for the domestic market, the system must be sized to meet 
baseline (summer) load, so there is a need for an auxiliary boiler during the coldest months. This 
effectively doubles the capital cost and maintenance costs, adds a level of complexity in operating 
between the two systems, and increases the plant room area required. This, combined with the 
introduction of NETA which undervalues intermittent generation below its economic value [20] for CHP 
and most renewables technologies, has slowed down the market growth of CHP to almost zero.
The EESoP/EEC schemes have brought about substantial success since 1994 by delivering energy 
efficiency to the domestic market. By apportioning some of the investment to the fuel poor households, it 
simultaneously contributes to both carbon reduction and fuel poverty issues. Table 1 shows the levels of 
investment deployed through energy supply companies, and these levels are set to double for the period 
2005 -  11. An indirect benefit of the process is that it encourages suppliers to act more like energy 
service companies (ESCOs), by selling a service such as warm housing or well-lit rooms rather than 
simply profiting from the units of energy sold. However, this scheme has achieved exactly the benefits it 
has paid for, and does not appear to be the tool to initiate the step change in energy efficiency required 
across the domestic sector. It acts in a similar way as the Building Regulations by raising the lowest 
standard of housing, but using a voluntary method, rather than influencing any market-pull to encourage 
householders to aspire to a higher performance.
The Climate Change Levy (CCL), introduced in 2001, is the main government driver to encourage 
reduced carbon-intensity in the commercial sector. The lack of impact that this market mechanism is 
having on the sector calls for either an increase in the levy, although the price elasticity of energy in the 
commercial sector means that the increase would have to be substantial, or perhaps the mechanism itself 
is ineffective. The introduction of the Energy Performance of Buildings Directive (EPBD) in Jan 2006 may 
provide a greater incentive for reducing the carbon-intensity of buildings by placing responsibility on 
property owners to certify their buildings, both new and refurbished, and for this energy label to be 
publicly available. It is anticipated that this will provide leverage when considering the sale of the building, 
or new tenants. Clearly, the cheapest efficiency options will be considered first, with 22% of energy 
expected to be cost-effectively saved by 2010 [21]. The scheme is aimed at reducing energy demand so 
is unlikely to initiate adoption of embedded generation until certificates become a significant commercial 
differentiator. The greatest obstacle to the adoption of the EPBD is that there is currently no standard 
methodology for calculating the energy performance of a commercial building. The domestic sector has 
the Standard Assessment Procedure (SAP), and the commercial sector needs an equivalent tool. 
However, the range of variables in commercial buildings makes the undertaking far more complex.
Many renewable technologies are supported by, and currently rely upon, capital grants schemes to make 
a viable business case. However, the procedure involved in applying for grants can put off potential 
investors. The application procedure can be quite onerous, funds are limited and can run out before 
stated cut-off dates, and there can be a perception of inaccessibility for the scheme. Streamlining the 
application process would encourage a portion of potential investors and householders. Increasing the 
amount available for grants, and the length of time for which they are available, may increase demand 
and installation rates for renewable technologies.
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6.0 Conclusion
For the building energy designer embarking on a new energy solution there is a broad palette of 
technological options and combinations that will achieve the occupant comfort levels appropriate. From 
this set, he or she must select those that satisfy the current commercial and legislative requirements 
before considering the aesthetics, longevity and carbon-intensity of a particular solution. This places the 
issue of minimising fossil fuel consumption during the life of the building at a low position in the decision 
hierarchy. To redress this various market mechanisms have been put in place to encourage carbon- 
intensity to be included in both the commercial decisions and the legislative requirements. There have 
been some successes, but the general level of uptake of low carbon solutions is too slow to meet the 
government’s targets.
The biggest single influence to the specification of low carbon designs appears to be the lack of sensitivity 
of both the domestic and commercial sectors to changes in electricity and gas costs. Another key factor is 
the perceived technological risk associated with particular technologies, while others are more readily 
accepted. Paradoxically, the technologies that offer the greatest carbon savings are those that are 
showing the slowest market uptake.
There are forthcoming changes to the energy market landscape for buildings that will certainly have an 
impact on the choices made by energy designers and their clients. Using a combination of regulation and 
incentive alongside sectoral guidance and information schemes, it is hoped that the next few years will 
witness the required step-change in energy consumption in buildings. The targets set by government are 
as challenging as the need to avert climate change is necessary. How the design of buildings, and their 
services, will react to the market pressures to come depends upon the prominence of carbon-intensity in 
the decision process for energy design solutions.
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Abstract
Energy consumption from the operation of buildings in the UK accounts for 39% of total 
UK energy demand, of which 89% is from fossil fuel resources. Given the implications of 
this to climate change from the emission of greenhouse gases, and in particular CO2, 
addressing the issue of the carbon-intensity of buildings is a current political, economic 
and technological challenge. This has catalysed government policy changes, fiscal 
constraints on the liberalised energy market, and technological innovation, as energy 
consumption sectors strive to meet carbon reduction targets.
This paper links changes in the energy market landscape to solutions derived for energy 
systems in specific building designs. An analysis framework has been developed that 
incorporates energy market variables such as the price of fuel and power; government 
policy measures like VAT and the CCL; various capital investment borrowing conditions 
for different contract types; and technology manufacturers’ performance and price data. 
From this a range of design solutions for specific residential and commercial buildings has 
been derived using a model that combines a discounted cash flow appraisal method, 
together with the Standard Assessment Procedure for energy rating of dwellings (SAP 
2005) over a 60-year assessment period representing the life span of a building. The 
objective is to determine under what energy market landscape conditions do efficient and 
low carbon energy solutions for buildings become economically favourable.
Using a set of market scenarios to represent alternative policy and market conditions, it is 
found that the cost of capital has a substantial influence with lower interest rates over a 
longer period yielding net present cost savings. The role of energy services companies is 
shown to be economically beneficial where the cost of capital applied to ESCO investment 
is no higher than for the main developer.
Where the market landscape is altered using government policy, enhancing current 
market mechanisms has the least influence, while a focus on capital grants or carbon 
taxation provides more encouragement for alternative energy investment. Applying
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annually increasing energy prices improves the business case for most low carbon design 
options, and in some cases encourages renewable solutions ahead of combined heat and 
power systems.
The use of combined heat and power systems raises a particularly unique issue. In most 
cases, this is the most economically viable energy solution, but the role of gas-fired 
generation systems over the next 60 years offers a higher risk of supply scarcity than from 
renewable generation alternatives. Micro-CHP also suffers from a lack of flexibility when 
a 30% on-site low carbon generation requirement is imposed as there is no possibility of 
increasing output beyond the base load requirement, and no value in adding renewable 
alternatives or thermal performance.
The research showed that there are energy market landscape conditions where 
sustainable energy designs can achieve economic viability in the long term. However, 
many of these depend on a range of assumptions such as continually increasing energy 
prices; long term borrowing conditions as found in PFI contracts; a capital grant 
programme offering far more support than at present; or persuasive carbon taxation and 
preferential VAT rates. However, the benefits in terms of CO2 emissions savings from 
adopting alternative energy solutions are shown to be substantial.
Keywords: Energy efficiency, buildings, embedded generation, renewables, market, investment, policy.
Paper 
1 Introduction
The b u ilt environment forms an integral physical component o f modem society. The energy 
that build ing occupants consume, whether know ing ly or inadvertently, makes large demands o f 
the supply network and fossil fuel resources, and substantially adds to pollu tion and the 
emission o f greenhouse gases, and the resulting impacts on global climate change. Domestic 
energy demand accounted fo r 27.5% o f total U K  energy consumption in  2005 (DUKES, 2006). 
A  further 11.5% is accounted fo r by the Service sector, w hich incorporates commercial and 
public sectors, plus agriculture. The 39% o f U K  total energy consumption in  both these sectors 
can be predominantly attributed to energy use in  buildings. O f this, 89% is sourced from  fossil 
fuel resources, w ith  the remainder mostly coming from  nuclear generation.
Carbon-intensity o f build ing operation is a current political, economic and technological 
challenge, which has catalysed government po licy  changes, fisca l constraints on liberalised 
energy markets, and technological innovation, as energy consumption sectors strive to meet the 
carbon reduction imperative. European Community and U K  policies have constrained the 
energy market using a range o f methods so that environmental and social issues are, to a degree,
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incorporated into commercial decisions. The interaction o f these factors forms an energy 
market landscape (E M L) that influences build ing services design, and the decisions o f clients, 
engineers, architects and commercial managers for a development. However, the p rio rity  given 
to the issue o f carbon intensity does not appear to be achieving the necessary step change to 
build ing and services design that is required to suffic iently kerb carbon emissions so that the 
goals o f sustainability are achieved.
This paper explores the concept o f the energy market landscape as i t  applies to U K  build ing 
sectors, looking at the factors that affect decisions made by developers and energy designers. 
This leads to an analysis o f the influence that changes to the energy market landscape would 
have on specific bu ild ing designs when adopting effic ient and low  carbon energy solutions i The 
aim is to determine the necessary E M L  conditions that enable efficient and low  carbon energy 
solutions fo r buildings to become economically favourable.
2 The Energy Market Landscape
The current U K  energy market format was created when, in  May 1998, the gas supply 
competitive market transition was completed, to be fo llow ed a year later by the e lectric ity 
sector (D T I, 2000). The purpose o f opening up the energy sector to market forces was to reduce 
prices to consumers, and to use private investment to rationalise and sustain the e lectric ity and 
gas supply sectors. The liberalised market operates in  both the generation and the supply 
sectors, while  transmission and distribution o f e lectric ity and gas is contained w ith in  a 
monopolistic arrangement. The market is regulated on behalf o f the government by Ofgem to 
‘promote choice and value fo r a ll customers’ (Ofgem, 2006). I t  comprises a dual role, firs tly , to 
ensure generation meets demand, which includes enabling the incorporation o f renewable 
energy contribution via the Renewables Obligation Certificate (ROC) scheme, and secondly, to 
ensure that energy prices are reasonable and competitive through the regulation o f supply 
companies and price controls fo r network operators.
The U K  government’ s drive towards more affordable energy supplies was combined w ith  other 
goals relating to the fuel poor; the anticipated reduction o f North Sea fossil fue l supplies; and 
addressing the Kyoto targets to reduce GHG emissions. The long term goals set out in  the 
Energy W hite Paper (D T I, 2003) and re-iterated in the Energy Review (DTI, 2006) were “ to put 
ourselves on a path to cut the U K ’s CO 2 emissions by some 60% by about 2050, w ith  real 
progress by 2020; to maintain the re liab ility  o f energy supplies; to promote competitive markets 
in  the U K  and beyond, helping to raise the rate o f sustainable economic growth and improve 
our productivity; and to ensure that every home is adequately and affordably heated.”
To achieve these goals i t  is clear that the energy market could not be permitted to operate 
w ithout government intervention. Helm  (2004) describes the reasons fo r such intervention as 
threefold. F irstly, there is a need to rectify  market imperfections; fo r example, fo r research and 
development costs; overcoming barriers to market entry from  dominant incumbents or the 
planning system; or lack o f information to consumers. In  addition, the U K  market is further
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distorted by asymmetrical incentive structures, fo r example between landlord and tenant, w ith  
the responsibility fo r energy e ffic iency unclear, and by certain financial restrictions applied to 
energy efficiency measures.
A  second set o f reasons is founded upon the failure o f the energy market to take proper account 
o f externalities, and in  particular, greenhouse gas emissions. For example, where there is no, or 
insufficient, carbon tax there results a situation o f a rtific ia l distortion to the benefit o f po llu ting  
generation technologies, and to the disadvantage o f cleaner options. T h ird ly  are social 
considerations where certain households have insuffic ient access to power and warmth to 
provide even basic health requirements. The high proportion o f income in  poorer households 
spent on fuel and power (D TI, July 2002) means that the effects o f applying a carbon tax on 
energy demand across a ll sectors would be fe lt most keenly amongst the fuel poor.
The energy market landscape represents the background conditions in  which an energy designer 
w ill  determine the design principles, appropriate technologies and energy solutions o f a 
particular build ing design. This landscape is partly made up o f the institutional constraints 
described above, but also commercial and risk-based factors, and social and educational 
influences. Combining the factors set out in  government and industry publications, by Helm, 
and from  participant observation studies in  Project Allenby/Connaught, the energy market 
landscape can be graphically summarised as shown in  figure 1. ,
The components o f the energy market are inter-related and do not operate in  isolation. A  single 
po licy  decision w ill  have an effect on a number o f factors that w ill  re-shape the E M L  
accordingly. For example, the introduction o f a carbon tax w ill  affect not only the energy costs 
fo r build ing users, but may also change client requirements fo r the energy solution; may 
precipitate a different energy technology to be adopted as a result o f re-analysis o f the capital 
investment against life  cycle costs fo r both fuel and maintenance. Such a change may require an 
increased degree o f contract risk to be taken into account at the project conception; and w ill  
certainly threaten client performance requirements unless an alternative solution is found.
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There are market factors that are beyond the scope of direct government policy influence such 
as global fuel prices; cost of capital for investments; the nature of development contracts and 
incorporation of risk; and the rate of development of innovative technologies and management 
systems. Therefore government policy, and the strategy to achieve stated goals, form only a part 
of the landscape. Corporate decision-making driven predominantly by commercial 
considerations form an equally influential component. The decision-making group is formed of 
building owners and clients of proposed developments; the energy designers (architects, 
engineers and surveyors); the building managers and operators; and, of course, the building 
occupants together with society in general. All these stakeholders exert a degree of influence 
within the EML, so it is apparent that the link between these decisions and the resulting impact 
on the cost and carbon-intensity of buildings when the EML is subject to changes needs to be 
mapped and explored.
Supp ly-side Dem and-side
Institutional Structure
Interaction between Govt, 
utilities, generators, OFGEM & 
investors.
Legislation / Regulation 
(Low carbon generation)
EU Directives; Electricity Act 
1989, Energy Act 2004; 
Regulation; Enforcement
Capital Costs 
(Low carbon generation)
Technology type/design; VAT on 
plant & installation; 
lifespan/warranty; capital grants.
Energy 
Design in 
Buildings
Energy Costs
Supply contract; fuel price & tax; market 
mechanisms; connection & metering; 
generation cost & efficiency; OFGEM
Capital Costs 
(Energy efficiency & conservation)
Technology type/design; VAT on plant & 
installation; lifespan/warranty; capital 
grants.
Maintenance Costs
Technology type/design; availability of 
skilled/trained operatives
Client Performance Requirements
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(Energy efficiency & conservation)
EU EPBD; Sustainable Energy Act 2003, 
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Tenant / Landlord Agendas
Incentives to invest in energy efficiency; 
operational energy conservation promotion
Contract Risk
Technology performance/ fitness for 
purpose; return on investment; 
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systems & technologies.
Industry Guidance
Government funding; NGO promotion
Fig. 1 Energy m a rke t landscape scope
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3 Building Energy and Cost Model
In  order to assess the impacts o f market changes on different build ing design options in  terms o f 
both the anticipated annual carbon emissions and the associated long-term  costs, a too l is 
required that calculates and compares CO2 emissions from  energy consumption and build ing- 
life  capital and operational costs. Such a tool, as a single or integrated package, does not 
currently exist in  the public domain. For this research, a tool has been developed, the B u ild ing  
Energy and Cost M odel (BECM ), that links variables in  the E M L  w ith  build ing design 
decisions and provides as output annual CO2 emissions and net present cost (NPC) over the 
design life  o f the building.
The overall B E C M  structure is set out in  figure 2, showing the parallel sub-models fo r energy 
and cost, and the associated input fields that influence both. The E M L  variables include data fo r 
energy supply costs, cost o f capital and discount rates, plus capital grants and taxation as a 
result o f government policy. M arket specification data lists manufacturers’ inform ation o f the 
components that make up capital cost fo r plant and systems. A lso included are the installation 
cost and any balance-of-system costs that occur, expected lifespan o f plant, maintenance costs 
and operational efficiencies. Bu ild ing  data input in  this case refers to four case study buildings 
to w hich the BE C M  is applied. The building designs are taken Project Allenby/Connaught to 
represent a new residential block; an existing residential b lock undergoing refurbishment; a new 
office building; and an existing office building at refurbishment. The build ing data includes the 
basic geometry and structure o f the buildings, plus fundamental assumptions fo r the comparator 
design theme fo r each case that are required fo r the carbon sub-model.
INPUT
BUILDING 
ENERGY DESIGN
ENERGY
MODEL
OUTPUT
Lighting
ModeL
Carbon
Model
EML
Variables
Building
Data
Manufacturer
Data
Cost
Model
C 02 emissions 
per year
Net Present 
(Building Life) Cost
Design Themes
Fig. 2 Building Energy and Cost Model structure
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3.1 The Cost Sub-model: the Net Present Cost approach
Investment decisions relating to energy consumption from  build ing operation inevitab ly seek to 
compare the in itia l capital cost w ith  a stream o f operational benefits over tim e (Drury, 2000). In  
this instance, unless a build ing is to become a net generator and exporter o f energy fo r revenue, 
the operational benefits w ill  always be in  the fo rm  o f savings o f operational cost compared to 
some previous position. The B E C M  takes a business-as-usual (B A U ) design theme applied to 
the four buildings to represent the previous position, or baseline comparator. The cost sub­
model then develops the net present cost (NPC) over the building lifespan fo r a baseline and a 
number o f alternative design themes and market landscapes.
To calculate the NPC o f an energy investment in  a building design there are some key 
components that are required. The boundary o f the appraisal needs to be set in  two ways. 
Firstly, the type o f system, element or material that is included in  the appraisal is determined so 
that a fu ll energy design scope is achieved w ithout irrelevant costs. The costs incorporated into 
the BE C M  relate specifically to those costs that are associated w ith  energy consumption, 
energy-using (or -saving) systems, and the thermal performance o f the build ing envelope. These 
costs are categorised into building fabric; envelope and construction elements; heating and hot 
water systems; ventilation systems; ligh ting; control systems and management; and e lectric ity 
generation systems.
Secondly, the appraisal time period needs to provide a sufficient timeframe w ith in  w hich to 
make informed decisions. A  build ing b u ilt today w il l  typ ica lly  last fo r 60 years before i t  is 
either replaced or undergoes a m ajor refurbishment or change o f use. This figure is clearly an 
estimate based on the age o f much o f the current build ing stock. Permanent build ings can last 
beyond 100 years i f  allowed, or as litt le  as 10 years i f  subsequent redevelopment o f the area 
cannot include i t  in  the new scheme. However, a notional build ing lifespan o f 60 years w il l  
incorporate at least two lifespans o f most bu ild ing  services systems, and the fu ll life  o f 
insulation materials. The cost o f re-investment at regular intervals is a key feature o f the 
BECM , which is a factor that is often overlooked in  commercial assessments o f energy 
investment, m ainly because the longer term view  is not taken. For this reason, 60 years is taken 
as the appraisal period, so that a ll costs -  both capital and operational -  over the next 60 years 
are discounted to their present value.
Once the boundaries are set, accurate data concerning the capital, balance-of-system, 
installation and commissioning costs fo r relevant technologies are sought, plus the cost at 
replacement, annual maintenance costs, and the expected lifespan o f each system. For this, a 
combination o f manufacturers’ data, trade prices and industry data, plus surveyor consultation 
from  Project Allenby/Connaught was used.
In  order to account fo r the cost o f borrowing fo r  capital expenditure, as w e ll as the capital, 
operational and maintenance costs over the length o f the assessment period, the ab ility  to 
introduce variable interest rates, repayment periods and discount rates is seen as an im portant
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function to best represent the energy market landscape. I t  is important fo r financial appraisals to 
incorporate the financing value o f capital expenditure, rather than jus t the asset value 
(Moilanen, 1994) as interest payments over time that result from  borrowing fo r capital 
expenditure add to the annual cash flows associated w ith  a particular project.
Adopting this approach, the discount and interest rates are developed and justified, and the way 
they are applied to different technologies, fuels, and investors made transparent. The cost sub­
model uses a calculation that applies discounting principles separately both to different build ing 
cost functions (fuel, technology, fabric etc), and to d ifferent stages in  the financial tim eline 
(borrowing, in itia l investment, re-investment, periodic maintenance, annual operation costs). 
This approach is in  line w ith  that suggested by Thompson (Thompson, 1998) where he relates 
the inclusion o f risk in  energy effic iency investment decisions to necessitate the separate 
consideration o f d ifferent cost streams when applying discount rates, rather than applying a 
single rate to the net cost or benefit.
The approach adopted in  the cost sub-model uses the fo llow ing  steps:
•  Repayments (pmt) on borrow ing fo r capital expenditure on technology x  are calculated using 
a rate based on appropriate interest rates fo r the developer over the repayment period o f the 
loan.
/ \ —C0x ( l  — S)
pmt(x,rx) = Y u^ " (1)
where C0 = initial capital expenditure; S = subsidy or capital grant (in % terms); rx = the loan interest rate 
applicable to the nature of the investor in that technology (either the public, private or ESCO rate); n -  
repayment period of loan.
•  The net present cost (NPC) o f these loan repayments is then generated using a discount rate 
equal to the social time preference rate (STPR) fo r the repayment period o f the loan.
NPC(X,rSIrJ  =  2 := 0 ^ A  (2)
U  +  rSTPR )
where rSrpR = social time preference rate of 3.5% for 1 - 3 0  years, 3.0% subsequently (Treasury, 2004).
•  A t capital re-investment, the above steps are repeated to generate the present value o f loan 
repayments at the time o f re-investment fo r each build ing service, Z, and these are 
discounted to give the NPC (o f capital expenditure) o f provid ing that build ing service over 
the whole building life , N. (A t re-investment, subsidy S is zero as there is un like ly  to be 
repeated capital funding fo r technologies when they need replacement.)
N PC (Z, rSTPR) =  {N P C  (x , , rSTPR) +NPC (x 2, rSTPR) + N PC (x3,rSTPR) + . . . }  (3)
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•  Annual maintenance costs Cm  are discounted using the appropriate interest rate fo r the 
particular technology investment over the whole build ing life  (N  = 60 years).
V P C (M ,r ,)  =  ^ o7i^ -  (4)
U + rJ
•  Annual operational (fuel and power) costs Ce are discounted using the appropriate interest 
rate applicable to the investor over the whole build ing life .
" cw'->-r -(rra 151
where rD = interest rate applied to developer investments (where an ESCO is present then appropriate rate 
applied for ESCO investments).
•  A l l  the discounted costs are summed to provide a net present cost (NPC) at year 1.
NPC(Z + M + E )  = Y t 0NPC(Z’ r^  + NPC(M ’ rJ  + NPC(E,rD) (6)
The interest and discount rates applied are set out in  Table 1, and show the range o f values 
tested to determine the sensitivity o f the fina l output to the cost o f borrowing. The rates have 
been selected to incorporate different development contracts such as design, build, finance and 
operate (DBFO) or private finance in itia tive  (PFI) long term contracts; design and bu ild  (D & B ) 
short term contracts; d iffering cost o f capital to ESCOs; and the investment perspectives o f both 
the public and private sector developer.
Table 1 Investment conditions applied for different investors including sensitivity 
analyses.
Investment Type
Capital Investment & Re­
investment Repayments
Operational & 
Maintenance
Developer ESCO CostDiscounting
Public r ( % )
2,3.5, 11 - 2, 3.5, 11
n (years) 25, 20, 15 - 60
Private r ( % )
6 ,8 ,1 1  ■ ■- 6 ,8 ,1 1
n (years) 25, 15, 10 - 60
Private + ESCO r ( % )
6 ,8 ,1 1 3.5, 6, 11 3.5,6, 11
n (years) 25, 15,10 20, 15, 10 60
It is important to remember that commercial decisions w ill  use discounted cash flow  analysis as 
only a part o f the input to the decision-making process. W h ile  carbon emissions may w e ll  form  
another part, there are other factors such as social and health implications, other environmental
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impacts, and public perception concerns that should also be considered. M any o f these other 
considerations, or externalities, are discussed by Gray and Bebbington (Gray &  Bebbington, 
2001).
3.2 The Carbon Sub-model: the calculation of annual CO2 emissions
There are a number o f energy calculation tools available, w ith  varying degrees o f complexity, 
ranging from  the 3D fu lly-dynam ic TAS B u ild ing  Designer too l (EDSL, 2005) and the US- 
written public domain tool eQUEST (Hirsch, 2006), to the 3D and 2D non-dynamic Hevacomp 
Suite (Hevacomp, 2005), and onto simple ‘snap-shot’ calculators such as SAP (BRE, 2005) and 
SBEM  (NC M , 2006). However, after surveying current tools, there were none apparent in  the 
public domain that would allow  sufficient m alleability to test and compare market variations on 
design decisions directly. Further, link ing  carbon emissions to bu ild ing  whole life  cost is a step 
beyond a ll current energy calculation tools, and achieving this integration between emissions 
and cost was seen as a critica l component o f the analysis.
The degree o f sophistication required from  the carbon sub-model is not sufficient to demand a 
complex model. The requirement is to derive a quantitative indication, essentially showing 
trends and differentials, fo r both carbon emissions and cost fo r specific design scenarios on four 
similar, relatively simple, build ing designs. Fully-dynam ic accuracy incorporating seasonal 
variations and load profiles, behavioural diversification and location-specific weather 
compensation is overly precise, and would not add significant value. Therefore, a spreadsheet 
carbon calculation too l was developed based on SAP 2005 (BRE, 2005). This methodology is 
used fo r assessing carbon emissions performance fo r dwellings approved by the U K  
government fo r B u ild ing  Regulation Part L I  compliance. I t  is a process required by build ing 
inspectors to meet the regulations, and is therefore, a standard calculation understood w e ll by 
the build ing sector.
A  number o f adjustments were made to the standard SAP 2005 methodology to ta ilo r i t  better 
fo r the buildings under consideration. A  lighting design model was added so that the benefits o f 
e ffic ient ligh t fittings and management systems could be fu lly  incorporated. In  addition, in  
order to a llow  the office design to be assessed using a methodology created fo r domestic 
functions, adjustments were made to a llow instantaneous electric water heating w ithout storage 
losses; include casual heat gains from  occupants, workstations (CIBSE, 1998), and lighting 
design; enhance the ventilation functions fo r mechanical ventilation and heat recovery options; 
and increase the ‘liv ing  area fraction ’ to match the net lettable area fo r the office.
I t  should be borne in  m ind that the carbon emissions derived from  using this methodology are 
not equivalent to cpnducting a SAP 2005 assessment. The results from  the carbon sub-model 
are used solely fo r comparing the specific case study designs w ith in  this analysis. The carbon 
emissions cannot, therefore, be accurately transferable to compare against assessments o f other 
build ing designs, or using other carbon calculation tools.
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3.3 Building Case Studies and Design Themes
As mentioned above, the four build ing designs used fo r this analysis were a new residential 
b lock; an existing residential b lock at refurbishment; a new office; and an existing o ffice  at 
refurbishment. These case studies were formed using two build ing designs (residential b lock 
and simple office) and applying either 2002 Build ing Regulations thermal performance 
standards fo r new build , or 1995 standards fo r the existing option. Clearly, there are many 
buildings in  the existing stock constructed to pre-1995 standards, which fo rm  an important 
portion o f the total b u ilt environment. A ny benefits shown fo r 1995 buildings w ill  be even more 
so fo r older assets, and the CO2 savings demonstrated here using the existing bu ild ing  design 
are like ly  to be substantially greater fo r much o f the U K ’ s existing stock.
The residential b lock is a 1000m2 3-storey modular construction form ing 6 flats o f six en-suite 
bedrooms and a communal area w ith in  each flat. The pitched roo f space contains the plant 
room. The office design is 1800m2 2-storey steel frame and masonry construction w ith  single­
p itch metal sloping roof, and predominantly open-plan office space and meeting rooms. To 
these build ing designs were applied four alternative design themes that described possible 
design principles used to achieve improved carbon emissions performance compared to the 
business-as-usual approach (BAU ). These design themes were a solar-focused solution (SOL); 
a micro-combined heat and power system (CHP); a design focusing on insulation and system 
efficiency (INS); and a m ixed renewable generation (M IX ) design. The B E C M  assesses these 
four design themes, together w ith  the B A U  comparator, fo r each building type in  parallel g iving 
one 4 x 5  output m atrix fo r CO 2 emissions, and another fo r NPC.
3.4 Energy Market Landscape Variation: linking the market landscape to building 
design
In  order to determine market landscape changes that w ill result in  improved commercial 
conditions fo r low  carbon build ing designs, a set o f market scenarios have been introduced to 
test different approaches to government po licy  and changing market constraints. Scenario 
analysis has been a longstanding tool fo r research w ith in  the energy sector. I t  a llows a series o f 
‘what if? ’ questions to be played out w ith in  a defined set o f boundary conditions, w ithout 
actually seeking to predict the future. The more detailed and realistic the boundary conditions 
are, the more applicable the results are to reality. “ The scenario approach provides a pow erfu l 
aid to decision making. Instead o f try ing to predict the future, a number o f contrasting futures 
are postulated and their implications analysed. The strength o f the method liejs not in  the 
accuracy or otherwise o f any one scenario, but in  the insight gained from  understanding the 
implications o f a particular scenario and how these d iffe r from  (or are sim ilar to) those o f other 
scenarios. I t  is important to remember that a scenario is neither a wish to be attained, nor a 
prophesy, but a presentation o f a possible future”  (Foresight, 2002).
Energy research has often used scenario analysis to test alternative hypotheses, more often on a 
national scale such as The Generation Gap (Evans, 2002). On a building scale there are few
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examples o f scenario analysis, although a recent example looks at the costs o f achieving 
different standards o f B R E EAM  rating fo r a house and an o ffice build ing (BRE &  C yril Sweett, 
2005). For this study, scenario analysis is used to lin k  national-scale variables to a build ing- 
specific output.
S ix market scenarios have been selected to represent possible future energy market landscapes 
based upon current energy industry expectations. The current position, or business-as-usual 
scenario, is used as the baseline comparator, plus two enhanced versions o f this that apply 
annually increasing fossil fuel-based energy prices. This ‘fossil fue l price escalator’ is tested fo r 
a 2% annual rise on both gas and electricity, and also a 5% annual electricity and 8% gas rise. 
This latter condition seeks to m irro r recent energy price escalation since 2003 in  the U K  and 
describes a partial decoupling o f e lectricity from  gas dependency as the generation m ix  moves 
towards coal, nuclear and renewables under the pressure o f increasing gas prices.
To compare against these baseline conditions there are market scenarios that represent a focus 
on carbon taxation (C TA X ) which enhances the current Climate Change Levy (CCL) and V A T  
rates; another that amplifies current market mechanisms (M A R K E T ) to encourage innovative 
investment; also increasing capital support (CAPG) through government-funded grants; 
encourages the use o f energy services companies, ESCOs, to alter the risk burden o f energy 
investment; and fin a lly  a range o f public authority constrained scenarios (PU BLIC ) that require 
a m inimum  embedded low  carbon (ELC) generation contribution to building designs o f 10, 20 
and 30%.
Each scenario was developed, using a defined variation plan, to generate specific changes to 
variables in  the BECM. The variables include fossil fuel supply (unit energy prices, standing 
charges, buy-back rates, CCL, V A T  and Renewables Obligation Certificates); investment 
conditions (discount and interest rates, repayment periods, fossil fuel price escalator); 
technology-specific considerations (V A T , grants, ESCO applicability); and fin a lly  network 
factors such as an embedded generator connection fee, or the availab ility o f two-way metering. 
The results produced are a diverse array o f CO 2 emissions and net present cost data fo r a range 
o f investment criteria in  the 4 x 5 m atrix format.
4 The Influence of the Market Landscape on the Energy Solution
The results derived from  the BE C M  analysis are in  the fo rm  o f NPC fo r the 60-year assessment 
period and the annual CO2 emissions fo r a particular design theme. This is produced fo r each 
market scenario so that changes in  the energy market can be compared w ith  regard to bu ild ing  
energy and cost performance. Two variables were used: NPC saved relative to the B A U  design 
theme (ANPC) which is more applicable to purely commercial decision-making fo r private 
investment; and NPC saved per annual CO2 saving relative to B A U  (ANPC/tCCbpa) which is 
more appropriate to public sector investment where the demonstration o f carbon savings 
requires a measure o f cost-effectiveness. Using these parameters, the market scenarios can be
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compared fo r their encouragement" or otherwise, o f alternative design themes relative to the 
traditional regulation-compliant approach to produce a diverse range o f results.
Presented here is a summary o f the analysis results that demonstrate the trends and conclusions 
described below. For figures 3 and 4, the results have been aggregated across a ll four build ing 
types, and averaged fo r the alternative design methods o f reducing carbon. Where an ELC 
generation requirement is required, only the CHP, SOL and M IX  designs are used, otherwise 
the INS design is also incorporated. This allows the overall performance o f d ifferent market 
scenarios across a ll carbon reduction designs and build ing types to be determined. The interest 
rate and repayment period shown in  the examples below use fo r the developer a medium level 
interest rate o f 8% repaid over a period o f 15 years.
M aintain ing current energy prices fo r the next 60 years in  real terms, there are no market 
scenarios which provide NPC savings fo r a ll design themes. Savings can be achieved using the 
CHP design theme, though only when introduced into the existing buildings or fo r public 
investment in  the new buildings where low  interest rates and long repayment periods are 
applied. The INS design theme, which uses an envelope thermal performance improvement o f 
25% beyond 2002 Build ing  Regulations plus effic ient choices fo r boiler, ligh ting  and heat 
distribution, generally performs better than the renewables themes and achieves NPC savings 
fo r pub lic investment in  the existing residential build ing equal to CHP.
BAU 1, Low Carbon Solutions, all building types
r = 8%; n = 15 years
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Fig. 3 Market landscape influence for constant energy prices (BAU 1)
The performance o f the different market scenarios applied to an ‘average’ o f the low  carbon 
design themes compared to the baseline, as shown in  figure 3, reveals that, w hile  a ll scenarios 
incur NPC losses compared to a standard compliant design (indexed at zero in  figure 3), there is
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some variation between different market approaches that could be used to influence the 
business case fo r low  carbon solutions. S imply installing low  carbon designs in  the current 
market landscape (as B A U  1) incurs an average NPC loss o f £230,000 relative to the B A U  
design fo r the 60 year assessment period. Changing the scenario, to the M A R K E T  option, where 
current market mechanisms are enhanced to encourage carbon efficiency, yields 10% reduction 
in  losses. Apply ing either a carbon taxation policy (C TA X ) or increasing the level o f capital 
support (CAPG) fo r low  carbon solutions reduces the relative NPC losses by 20% and 24% 
respectively.
For scenarios designed to benefit energy services companies (ESERV), the performance is 
really dependant on the ESCO cost o f capital relative to the main developer’ s. For the case 
shown in  figure 3, the main developer’ s cost o f capital is 8% over a period o f 15 years. For an 
ESCO w ith  a high rate, short term regime (r = 11%; n = 10 years) the losses incurred are litt le  
better than the current market landscape. Where the ESCO has a lower rate over a longer period 
(r = 3.5%; n = 20 years) than the main developer, a reduction in  NPC relative to the baseline o f 
29% is achieved. I t  is conceivable that this arrangement could occur where a short term design 
and bu ild  contract is partnered by a long term facilities management contract.
Imposing an authority constraint on the amount o f embedded low  carbon generation that is 
incorporated into a design reveals that, as the requirement increases from  10% to 30%, the NPC 
increases quite dramatically. W hile  the 10% design reduces CO2 emissions by an average o f 
43%, and the 30% design achieves a 54% carbon reduction on the standard compliant design, 
the NPC incurred as a result increases by 48% from  the 10% to 30% contribution. This effect 
would make i t  d ifficu lt fo r local authorities to convince developers that, in  the current climate, a 
30% contribution would add commercial value. (The ELC generation scenarios assume that a ll 
practical steps to (increase the energy efficiency o f the bu ild ing  have been undertaken p rio r to 
the application o f low  carbon generation technologies.)
Apply ing  an annual fossil fuel price escalator o f 8% fo r gas and 5% fo r e lectricity (as the B A U  
3 baseline scenario) reveals some interesting results. F irstly, fo r low  rate long term investment 
regimes a ll low  carbon designs show NPC savings fo r most, i f  not all, market scenarios. This 
means that applying such a design even w ithout any change in  government policy, but w ith  
increasing fuel and power prices, can result in  long term savings relative to a trad itional 
compliant design.
Figure 4 shows the average results fo r the main developer investment conditions o f an interest 
rate o f 8% over a period o f 15 years, as above, which represent a common regime fo r private 
sector development. This diagram demonstrates the changing business case when annually 
increasing energy prices are included. I f  no other landscape change occurs, the B A U  3 scenario 
on a low  carbon solution incurs an average NPC loss o f £117,000 over the 60-year period -  
approximately ha lf that fo r B A U  -1 above. However, applying the M A R K E T  scenario yields a 
loss reduction o f 31%; the C T A X  scenario reduces the loss by  53%; and the CAPG scenario by
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50%. Clearly the influence o f changes to the energy market landscape is greater w ith  increasing 
prices fo r fuel and power.
Including ESCOs into the contract m ix, w ith  corresponding enhancements to the energy market 
to their benefit, produces some contrasting results, again mostly influenced by the cost o f 
borrowing fo r the ESCO relative to the main developer. I t  can be seen that fo r a low  rate long 
term (r = 3.5%; n = 20 years) investment regimes NPC savings o f £550,000 can be achieved 
over 60 years. A t an interest rate o f 6% and a repayment period o f 15 years overall savings 
£96,000 can be achieved, when the main developer has an 8% rate over the same repayment 
period. However, fo r a high rate short term loan, the ESCO performs worse than when no 
market changes are made. I f  an investor considered that the increasing price schedule used here 
was a realistic prediction, there could be a strong business case fo r the use o f ESCOs to deliver 
energy cost savings in  the long term.
BAU 3, Low Carbon Solutions, all building types
r=  8%; n = 15 years
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Fig. 4 Market landscape influence for increasing energy prices (BAU 3)
Requiring embedded low  carbon generation in  the same way as described above, but under 
increasing energy prices, shows that the trend fo r rising NPC losses as ELC  contributions 
increase remains, and is actually further enhanced, w ith  a 110% rise in  NPC losses resulting 
from  an ELC contribution increase from  10% to 30%. For a contribution o f around 10%, the 
NPC losses are comparable to the better perform ing market scenarios. Beyond this, the value o f 
the carbon saving has to be incorporated to legitim ise the requirement, which many commercial 
enterprises may find  hard to jus tify .
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5 Conclusions
The currently slow uptake o f micro-generation in  the U K  is reflected in  the results when 
applying current energy prices to new residential and office buildings. Existing buildings at 
refurbishment d id  prove more encouraging fo r low  carbon investment, but the long term cost 
balance remains a loss rather than a saving. Given that the m ajority o f investment decisions are 
made on the assumption o f constant (in  real terms) future energy prices, i t  is clear that there is 
little  opportunity fo r embedded low  carbon design solutions gaining widespread commercial 
acceptance as long as this is the case. Changing the energy market landscape does reduce the 
amount o f NPC loss, but a more dramatic landscape change than was tested here is required to 
achieve savings across the m ajority o f designs and solutions.
The use o f CHP, however, did show good results in  most conditions, and can provide a sound 
business case fo r its adoption in  today’ s build ing designs. There may be concerns about the 
long term reliance on gas-fired generation w ith  pressures on availability, accessibility and 
carbon emissions beginning to affect the fuel price, and also the ability  to enhance an existing 
CHP scheme to reduce carbon emissions further. But fo r the current market landscape, CHP is 
the only energy solution that can compete w ith  a traditional compliant design.
The key influences w ith in  the energy market landscape that can be used to encourage low  
carbon designs are the cost o f capital borrowing fo r developers, and ESCOs where used; and 
the anticipated rate o f increase o f energy prices over the assessment period. Further, less 
pronounced, influences are shown to be the lack o f effectiveness o f enhancing the existing 
market-based mechanisms when compared to either a carbon taxation policy, or an extended 
provision o f capital grants, as a way o f increasing energy efficiency and embedded low  carbon 
generation in  buildings.
Another method o f encouraging low  carbon design solutions is to impose a requirement on 
developers to include an on-site generation capacity w ith in  their designs. This is shown to be 
commercially beneficial up to a 10% contribution. Beyond this level, however, and the 
additional cost greatly outweighs the benefit o f the saved carbon emissions, even w ith  
increasing energy prices. There are early savings from  the ‘low  hanging fru it ’ options o f 
thermal performance, effic iency and the lower capital cost renewables like  solar thermal hot 
water and CHP. However, once a design has achieved its thermal requirements, e lectric ity 
demand is met using m icro-w ind and photovoltaics which are inherently more capital intensive.
Further research is required using the BEC M  to determine the optimum cost o f borrow ing fo r a 
developer and ESCO to gain the maximum encouragement fo r low  carbon designs. The 
prediction o f future energy prices w ill remain an issue o f great uncertainty, particularly fo r  long 
term investments, un til sufficient time from  the 2003 upturn has elapsed to provide a robust 
data set.
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List of Acronyms
E nergy  M a rk e t Scenarios
B A U  1 Baseline using current market landscape and energy prices as constant (in 
real terms) fo r duration o f assessment (60 years).
B A U  2 Alternative baseline using current market landscape, but w ith  energy 
prices increasing (in  real terms) by 2% each year
B A U  3 Alternative baseline using current market landscape, but w ith  gas prices 
increasing 8% and e lectric ity prices increasing 5% each year (in real 
terms)
C T A X M arket scenario focusing on carbon taxation
M A R K E T M arket scenario enhancing existing market mechanisms
CAPG M arket scenario applying increased government-funded capital grants for 
low  carbon technologies
ESERV ll% ,10yrs M arket scenario encouraging the use o f energy services companies 
(ESCOs), and where the ESCO cost o f borrowing is 11% repaid over 10 
years
ESERV 6%,15yrs Market scenario encouraging the use o f ESCOs, and where the ESCO 
cost o f borrowing is 6% repaid over 15 years
ESERV 3.5%,20yrs M arket scenario encouraging the use o f ESCOs, and where the ESCO 
cost o f borrowing is 3.5% repaid over 20 years
10% ELC Gen M arket scenario where a requirement is imposed to generate at least 10% 
o f energy demand using embedded low  carbon (ELC) generation 
technologies
20% ELC Gen M arket scenario where a requirement is imposed to generate at least 20% 
o f energy demand using embedded low  carbon (ELC) generation 
technologies
30% ELC Gen M arket scenario where a requirement is imposed to generate at least 30% 
o f energy demand using embedded low  carbon (ELC) generation 
technologies
B u ild in g  Design Themes
B A U Standard design just achieving compliance to B u ild ing  Regulations (2002 
fo r new build; 1995 fo r existing) w ith  m inim um  capital cost
INS Design theme using increased insulation and e ffic ient p lant and systems
CHP Design theme using m icro-CHP system fo r heating and electric ity 
contribution
SOL Design theme using a combination o f solar-focused renewable generation 
and efficiency systems (i.e. ground source heat pumps, solar thermal hot 
water, photovoltaics, and increased thermal performance)
M IX Design theme adopting m ixed renewable generation technologies fo r 
heating and power (i.e. ground source heat pumps, solar thermal hot 
water, micro/mast w ind turbines, and increased thermal performance)
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How Sustainable is the Construction Industry? 
Executive Summary
To determine the current performance of the UK construction industry against sustainability 
objectives, this paper uses a combination of sustainability indicators and a sustainability 
appraisal procedure. The majority of the indicator set is taken from the UK government 
sustainable development indicators set out in Quality of Life Counts (DEFRA, Dec 1999), and is 
supplemented where appropriate by more industry-focused data. Sustainability appraisal issues 
are derived from construction sector research by CRISP (ERM, May 1999) using their review of 
a range of publications from industry bodies and authorities.
Using the indicators to inform the sustainability appraisal has provided an unwieghted data set 
covering the full range of environmental, social and economic issues from a local to a global 
scale that are impacted and benefitted by construction activities. Deriving some of the data set 
has shown some inadequacies when focusing on purely construction-related data, while other 
data could be taken directly from the UK SD indicators. Each sustainability issue was rated as 
an average of the indicator ratings that applied. This was further averaged to give an overall 
‘score’ showing some improvement towards sustainability goals, but with plenty of scope for 
further gains.
It is important to avoid too much aggregation of performance ratings in this process, and the 
reader should be directed towards the detail of each issue to assess current performance, and 
the potential for improvement. Some issues, such as employee safety, show a lot of potential for 
substantial improvement. Others, like reducing mineral extraction to within sustainable 
quantites, would require a paradigm shift that goes far beyond the UK construction sector and 
into manufacturing, industrial and social sectors on an international scale.
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1 Introduction
The construction industry is responsible for the creation of the buildings, transport and services 
infrastructure and many other civil engineering features that form the physical structure upon 
which society lives, works and spends its leisure time. As such, the industry has the potential to 
create immense social and economic benefits, and substantial social and environmental 
challenges. The construction industry accounts for 10% of the UK Gross Domestic Product and 
provides employment for 1.5 million people. However, buildings and structures change the 
nature, function and appearance of our towns and countryside. Their construction, use, repair, 
maintenance and demolition consume energy and resources and generate waste on a scale 
which dwarfs most other industrial sectors (DETR, April 2000).
Addressing the issue of sustainability for the construction industry essentially means optimising 
the economic and social benefits while minimising the social and environmental impacts. 
Measuring sustainability, therefore, requires a very broad and holistic approach to understand 
the various drivers and the burdens that can result. The methodology adopted for this analysis 
of the sustainability performance of the construction industry uses two key assessment 
processes.
Firstly, the use of indicators, many taken from the UK government sustainable development 
indicator set described in Quality of Life Counts (DEFRA, Dec 1999), supplemented by other 
indicators that are focused on the construction sector, was seen as an important element to this 
analysis. Industry-wide statistics and data could give an accurate overview of key elements of 
construction activity. The second part of this assessment uses a form of sustainability appraisal 
procedure to use the pertinent indicators that represent key sustainability issues in construction.
The aim of this assessment is to provide a transparent industry-wide overview against 
sustainability objectives given the information available.
2 Measurement of construction sustainability
In order to assess the current performance of the construction industry in the UK against the 
sustainable ideal, two components must be present to complete the assessment. The first is a 
definition of what a sustainable construction industry would be like to provide a goal, or a 
benchmark, against which the industry can be measured. This sustainable comparator will be 
considered in section 3 below. The second is a suitable method of measurement, either in
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quantitative or qualitative terms, which can be used to demonstrate both current performance 
and the sustainable ideal.
2.1 The range of sustainability issues in construction
As mentioned above, the sustainability agenda aims to simultaneously optimise performance in 
economic, environmental and social terms. To apply this across the construction industry as a 
whole, a list of key sustainability issues that apply to the construction industry has been devised 
by ERM (May 1999) following a review of several publications-(BRE, 1998; BSRIA, Nov 1998; 
BSRIA, Jan 1998; CIRIA, RP573; CIRIA, 1998; DETR, 1998; DETR/CIB, 1998). These key 
sustainability issues are listed in Table 1 below.
To create an appraisable framework with which to assess the construction industry these issues 
are represented by either a collection of checklist items to be used for qualitative appraisal or a 
set of measurable performance indicators for a more defined quantitative assessment. While 
indicators demonstrate clearly the current and target performance levels, there may be certain 
issues that are obscured by the simplicity of presentation. Qualitative appraisal techniques allow 
indirect impacts to be included that may otherwise be omitted from a more numerical 
assessment, but are inherently subjective depending upon the point of view of the assessor. 
Both forms of assessment will be considered for this paper, as is appropriate to the nature of the 
issue being addressed.
Table 1 Key sustainability issues for the construction industry (ERM, May 1999).
Sustainability
Objective
Theme Specific Issue
Economic Competitiveness Efficiency, productivity & profitability of the
industry
Employment
Environmental / 
Resource Use
Energy Energy efficiency
Use of renewable energy vs. non-renewables
Materials Efficiency of use
Use of renewables vs. non-renewables 
Embodied energy
Water Efficiency of use
Pollution of surface & groundwater
Land Use of brownfield vs. greenfield sites 
Degradation / pollution
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Air Local air pollution
Nature conservation Protection of wildlife habitats
Social Building occupants Quality of built environment 
Equity of access
Employees Health & safety 
Training & development
Community Construction impacts (nuisance, noise etc) 
Contribution to viable, safe & cohesive 
communities
Wider society Industry accountability
2.2 Qualitative methods
There are a number of qualitative methods to appraise sustainability performance developed by 
both the public and private sectors, and increasingly being adopted into the decision-making 
process of many sectors within the construction industry. A sustainability appraisal methodology 
has been created by Defence Estates (Defence Estates, Feb 2002) using a peer review method 
by appropriate stakeholders to appraise performance against a range of specific checklist 
criteria with a rating of ‘A’ to ‘E’ representing exemplary to poor performance. A similar approach 
was adopted by Arup in their SPeAR© methodology, which presented the results of a similar 
peer review process onto a radar diagram -  the area of which can be taken as an aggregate 
performance level -  separated into four zones; environment, natural resources, societal and 
economic (Arup, 2005).
Using methods such as these the broad issues within the sustainability agenda can be reviewed 
in a descriptive way, and can utilise data from indicators to support an assessment without 
being necessarily controlled by them if it is felt that an indicator does not fully represent an 
issue. From the broad sustainability issues described in Table 1, a more defined set of 14 
issues can be drawn that will form the basis of a sustainability appraisal, as shown in Table 2.
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Table 2 Sustainability appraisal criteria for the construction industry (adapted from ERM, 
May 1999).
Sustainability Appraisal Criteria
Sustainability Objective
Economy Environment Social
1 Efficiency/productivity of construction process ✓
2 Waste minimisation/ recycling ✓ ✓
3 Decent working conditions for employee & 
contractors
✓
4 Business relationship with sub-contractors, 
customers, suppliers & partners
5 Responsiveness to customers, end-users & 
other stakeholders
✓ ■/
6 Energy efficiency of buildings/ developments v'
7 Contribution to communities -  safe, viable & 
cohesive
s
8 Use of sustainable materials (embodied 
energy, recycled, re-used, local)
✓
9 Use of renewable energy in buildings S
10 Water efficiency in buildings S
11 Prevention of construction impacts (nuisance, 
noise, dust etc)
✓ ✓
12 Prevention of surface & ground water 
pollution from construction
✓
13 Use of brownfield land over greenfield land ✓
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14 Protect local landscape & ecological value
2.3 Quantitative methods
The construction industry underwent a review in 1998, headed by Sir John Egan, to bring a 
radical change and improvement in performance. The report that resulted from this review, 
‘Rethinking Construction’ (DETR, July 1998) set out challenging targets for a discrete set of 
indicators aimed at improving efficiency and quality through management and process activities 
(DETR, 2000). However, while this did include some indicators that could be used to represent 
certain aspects of the sustainability agenda, the focus on competitiveness, quality and efficiency 
meant that much was scoped out.
In 1999 the UK government published a set of 150 sustainability indicators, with 14 headline 
indicators, in its document ‘Quality of Life Counts’ (DETR, Dec 1999). This was produced in 
conjunction with government’s strategy for sustainable development, ‘A Better Quality of Life’ 
(DETR, 1999), and represented a broad list of indicators that the government would use to 
demonstrate progress in all sectors of society towards its goal of sustainable development. Of 
these three of the indicator set are directly attributable to the construction industry (DETR, April
2000):
• Construction and demolition waste going to landfill (D10);
• Primary aggregates output per unit of construction value (D9);
• Amount of secondary and recycled aggregates used compared with virgin aggregates (S14).
There are a larger number of indicators that are influenced by the construction sector, including 
social and economic issues, such as (DEFRA, March 2004):
• New homes built on previously developed land (H14);
• Waste by sector (A4);
• Social investment as a % of GDP (B5);
• Businesses recognised as Investors in People (C4);
• Work fatalities & injury rates; working days lost through illness (C10);
• Energy & water consumption by sector; waste & hazardous emissions by sector (D3);
• Adoption of environmental management systems (ISO 14000/EMAS) (D4);
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• Thermal efficiency of housing stock (D8 );
• Heavy goods vehicle mileage intensity (D21);
• Quality of surroundings (K6 );
• C02 emissions by end user (N3);
• Net loss of soils to development (S1);
• Land covered by restoration & aftercare conditions (S15).
The three indicators that are directly attributable to the construction sector will use data from the 
National Statistics progress report (DEFRA, March 2004). For the remaining 14 ‘indirect’ 
indicators, data will be used that best represents the construction sector. For instance, while 
‘New homes built on previously developed land’ will also use National Statistics data directly, 
other indicators like ‘C02 emissions by end user’ will use data from another source that 
separates construction C02 emissions.
2.4 Measurement criteria adopted for this analysis
For this assessment the appraisal criteria listed in Table 2 will be linked to the existing 
government indicators described above. The aim is to provide both a qualitative appraisal 
supported by defined, and industry-accepted, indicators to ensure a robust assessment of the 
sustainability performance of the construction industry. The methodology is illustrated in Table 
18 (in the Appendix), and shows where some issues appear thoroughly covered by indicators, 
while others will rely on either alternative indicators, or a more qualitative approach.
For instance, the issue of preventing construction impacts such as noise and nuisance is not 
covered by any of the government indicators. However, reference to the Considerate 
Constructors Scheme (www.considerateconstructorsscheme.org.uk) will provide a sound 
indication of the number of projects that are effectively considering its neighbours. In a similar 
vein, the prevention of surface and ground water pollution is only indirectly covered by the 
government indicators. However, by looking at the number of developments that incorporate 
sustainable urban drainage schemes (SUDS) into their surface water design, this can be taken 
as a proxy for the industry-wide adoption of more sustainable drainage methods.
3 The current performance of the construction industry
Using the methodology described above and set out in Table 18, it is possible to ascertain the 
current performance of the UK construction industry against the issues raised by the 
sustainability agenda. As many of the indicator set to be used either directly represent, or
EngD Environmental Technology: Market Influences on Sustainable Energy Designs in Buildings
Materials module: How sustainable is the Construction Industry?
10
URN 3247155 Jon Atkinson
1st Sept 2005
indirectly influence, the sustainability appraisal criteria, this assessment will begin by looking at 
the current performance indicator data before using this to inform the sustainability appraisal.
3.1 UK Sustainable Development Indicator assessment
The following indicators are taken from the UK government’s sustainable development indicator 
set set out in ‘Quality of Life Counts’ (DEFRA, March 2004). Only those indicators that relate to 
the construction industry have been used.
3.1.1 H14 -  New homes built on previously developed land
This indicator is the only ‘headline’ indicator from the government list that is to be used for this 
construction industry assessment. It is a measure of the re-use of land for domestic dwellings -  
the construction activity that has the greatest rate of land take in the UK. Previously developed 
land is often contaminated, or has existing structures that require removal. This means that 
there is often a cost at the start of a project to prepare the land prior to construction, and this 
cost is often a disincentive to developers, particularly as the standard for remediation is highest 
for housing. Greenfield land, by contrast, has no such start-up costs but is likely to contain 
significant ecological value, both intrinsically and from the perspective to the local community. 
Protecting valuable ecosystems from development and the remediation of existing 
contamination from previously developed land are important factors towards a sustainable 
construction industry. By favouring brownfield development over greenfield, urban regeneration 
is encouraged which adds further social and local economy benefits by avoiding dereliction of 
urban areas, reducing the need for longer journeys, and supporting local business.
Figure 1 shows the current performance of this indicator with a steady improvement from 55% in 
1989 to 67% by 2004. Clearly this means that 33% of new dwellings are built on greenfield land 
and, given that approximately 154,000 new homes are built each year (JRF, March 2002), this 
would require around 150 hectares of greenfield land every year to meet demand. So while the 
government has exceeded its target of 60%, there remains substantial pressure to continue to 
develop greenfield sites. Figure 1 also shows that of all new developments, in 2001 58% were 
built on previously developed land, an improvement from 46% in 1990.
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Figure 1 SD indicator H14: new dwellings built on previously developed land (DEFRA,
March 2004; DEFRA, June 2005)
3.1.2 A4 -  Waste generated by construction sector
This indicator is adapted from the government list to represent purely the construction industry 
waste arisings. The government’s SD indicator A4 looks at a range of sectors without isolating 
the construction industry. For this reason, data for the construction industry is taken from a 
selection of construction industry sources.
In 2003, construction and demolition activities in the UK generated 70M tonnes of waste, 
including 13M tonnes of material that was delivered to site without ever being used (DTI, April 
2004) and was either over-ordered or poorly stored allowing weather damage to occur. The 
construction industry accounts for 17% of the UK total waste arisings each year (Biffa, 2002).
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Figure 2 Construction & demolition waste arisings in the UK (EA, 1999; ODPM, 2001).
There  is substan tia l va ria tion  in w aste  figu res a ttribu ted  to the  construc tion  sector. The su rvey  
resu lts show n in F igure  2 inc lude a va riance  of ±35%  fo r the  1999 data, and ±15%  fo r 2001 
(ICE, 2004). W aste  a ris ings from  th is  secto r are not rou tine ly  recorded and bear inhe ren t 
d ifficu lties  in co lla tion  as m uch of the  vo lum e is taken  up w ith  soil and inert dem o lition  spo ils  tha t 
are rep laced w ith in  the  site as backfill and landscap ing . It is a lso to be noted from  th is  da ta  se t 
tha t the  tw o  years su rveyed  are c lose together, and the trend ind ica ted  m ay ac tua lly  rep resen t 
d iffe ren t da ta  co llection  and ana lys is  m ethodo log ies .
H ow ever, apparen tly  in support of the  increasing  trend  in to ta l w aste  a ris ings, an e n v ironm en ta l 
KPI (DTI, Aug 2004) m easuring the w aste  rem oved from  site  during the construc tion  p rocess 
show s tha t in 2003 43m 3/£1 00 k  p ro ject va lue  w as rem oved. This increased  to 47 m 3/£ 1 0 0 k  in 
2004.
It is apparen t from  the  data above tha t the  deg ree  to w h ich  recycling of m ate ria ls  is undertaken  
has increased  substan tia lly , and w h ile  d isposa l to landfill rem ains la rge ly  unchanged , th is  
increase  in recycling has been absorbed  by an equal increase  in the  to ta l am oun t o f w as te  
genera ted  (ICE, 2004).
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3.1.3 B5 -  Social investment as a % of GDP
Social investment usually takes the form of community buildings such as schools, hospitals and 
social housing, transport infrastructure such as railways and roads, and other plant and 
machinery such as sewage and water treatment, and refuse disposal installed for the benefit of 
the community (DEFRA, March 2004). Clearly a large portion of the investment in social items 
will go to the construction industry, and can therefore represent to some degree the beneficial 
impact that this sector can have on the physical quality of society.
As is shown in Figure 3, there has been substantial variation in the level of investment in social 
infrastructure since 1970. While this is a direct result of government policy and strategies, with 
little decision influence from the construction, sector, it does represent the variability of positive 
construction benefit on society, and possibly shows a negative trend in the amount of 
construction investment for the benefit of society.
"O  70.0
“ Social investment in current 
prices (index 1990 = 100)
VV sfb ofU oS> qSb cnU (&> (&> r© cnI'&  a ' >$>
Figure 3 SD indicator B5: Social investment as a % of GDP (DEFRA, March 2004; DEFRA, 
June 2005).
3.1.4 C4 -  Businesses recognised as Investors in People
The Investors in People standard is a tried and tested flexible framework that helps companies 
succeed and compete through improved people performance. To date over 32,000 
organisations have formally achieved the standard. These organisations employ over 27% of
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the  UK w o rk fo rce  and range  from  co m p a n ie s  e m p loy ing  anyth ing  from  tw o  peop le  upw ards , 
s tre tch ing  acro ss  all sec to rs  o f the  UK e co n om y (w w w .in v e s to rs in p e o p le .c o .u k ). T he  s tanda rd  
e ncourages , and  p ro v id e s  a fra m e w o rk  for, con tinued  e m p loyee  tra in in g , and  has been show n 
to  both im prove  m ora le  and  o u tpu t fo r a range  of in d u s try  types.
U ptake of the s tandard  fo r all UK o rgan isa tions  is show n in F igure 4; how ever, the re  is lim ited 
da ta  spec ific  to  the  construc tion  industry. In 1996, 9%  of com pan ies in the  cons truc tion  secto r 
w ere  recogn ised  as Investors in P eople  (Investo rs in People, O ct 1996). By 2003  the re  w ere 
332 o rgan isa tions em p loy ing  100,197 people recogn ised  by the schem e. Th is w as an increase  
of 3%  on 2001. In 2002, 15.4%  of construc tion  industry  em p loyees w ere  cove red  by HP 
recogn ition . Th is  increased to 16.7%  in 2003, and aga in  to 19.0%  in 2004  (DTI, Aug 2004).
Change since 
©  1970 
©  1990 
©  1999
Un4ed Kingdom
Source Investors n Peop e
Figure 4 SD indicator C5: Businesses from all sectors recognised as Investors in People
(DEFRA, March 2004)
3.1.5 C10 — Work fatalities & injury rates
The num ber of fa ta lities  and in juries in the  construc tion  industry  p laces it as one  of the  m ost 
dangerous occupationa l secto rs  in the UK. It is c lea rly  ve ry  im portan t fo r the  secto r to reduce 
fa ta lities  to zero, and in ju ries to as low as possib le . H ow ever, F igure  5 show s a fa irly  cons tan t 
fa ta lity  rate, w ith  perhaps a s ligh t im p rovem en t in recent years, w h ile  F igure  6 show s a constan t, 
or perhaps increasing , in jury rate.
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Figure 5 Number & rate of fatal injury to workers in construction (HSC, 2004)
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Figure 6 Number & rate of major injury to employees in construction (HSC, 2004)
3.1.6 D3 -  Energy & water consumption
In te rm s of ene rgy and w a te r consum ption , the  construc tion  industry  is a re la tive ly  sm all 
con tribu to r fo r its size. C onstruc tion  activ ities, as is show n in F igure 7 and F igure  8, even w hen 
com b ined  w ith  the m in ing and quarry ing  ac tiv ities  tha t m ostly  prov ide  the  raw  m ate ria ls  fo r the  
construc tion  sector, do not am oun t to a s ign ifican t am oun t w hen com pared  to the  o pe ra tiona l 
dem ands  of serv ice  and m anufactu ring  sectors.
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Energy use and Gross Value Added (GVA) by sector: 2001
Agriculture
■  GVA
■  Energy use
M im g and quarrying
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Service industries
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Change since 
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New since QcLC (1&3S)
United Kingdom 
Source: ONS
Percentage of totai
Note: 1. Does not include energy supplied to customers but includes conversion
losses from electricity generation
Figure 7 Energy consumption by sector (DEFRA, March 2004)
Water use and Gross Value Added (GVA) by sector: 1997
Agriculture 
Mining and quarrying GVA
Water use
Manufacturing
Electricity, gas and 
water supply'
Construction 
Service industnes
United Kingdom 
Source ONS20 40
Percentage of total
Note: 1. Does not include water put into public supply except for leakage
Figure 8 Water consumption by sector (DEFRA, March 2004)
F igure 9 show s a g radua l reduction  in w a te r consum ption  and carbon em iss ions  in recen t years 
fo r the  concre te  industry. Th is  includes cem en t m anufactu re , aggrega te  p roduction , concre te  
m ixing, transporta tion  and p lacem ent, and w h ile  it does not cover the fu ll scope of cons truc tion  
activ ities, it m ay prov ide  a useful proxy ind ica tor. Y ear 2001 has seen a reduction  in the  ene rgy  
consum ption , and hence carbon em iss ions, due m ain ly  to  im provem en ts  in the  e ffic ie n cy  of 
cem en t m anu factu re  from  p lant m od ifica tions (Parro tt, 2002). W a te r consum p tion  is m ostly  used 
for aggrega te  p roduction , and the benefits  of substitu ting  a sm all pe rcen tage  o f v irg in  m ateria l
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fo r w aste  agg rega tes  is show ing  som e benefit to both w a te r consum ption  and the am ount of 
w aste  d isposed  to landfill.
Environm ental im pacts o f concrete production
<Da-
I  140o  _
o
CDCCo
100 - waste  to landfill (t)
o — water consum ption 
(tx 10-1)
— C 0 2  em iss ions (t)
40 -
20 -<n<DCco 1994 1996 1998 2001
Figure 9 Key environmental impacts from concrete production (Parrott, 2002)
H ow ever, th is  is not necessarily  m irrored across the w ho le  sector, and recen t su rveys show  tha t 
both ene rgy and w a te r consum ption  th rough  construc tion  activ ities are  on an increasing  trend  
(DTI, Aug 2004). E nergy use in the construc tion  p rocess per unit of construc ted  va lue  increased 
by 12%  be tw een 2003 and 2004; ove r the sam e period , w a te r consum p tion  on site per unit 
construc ted  va lue increased by 25% .
3.1.7 D4 -  Adoption of environmental management systems
Quality of Life Counts (D EFR A, M arch 2004) show s tha t the  adoption  of env ironm enta l 
m anagem ent system s (e ither ISO14001 or EM AS) is increasing  for UK bus inesses  in genera l, 
and pa rticu la rly  rap id ly  fo r the ISO14001 m anagem ent fram ew ork . W h ile  the  m anu factu ring  
secto r is s ing led out as re la tive ly  s low  in adoption  rate, the  pe rfo rm ance  o f the  construc tion  
secto r is unclear.
H ow ever, all cem en t w o rks  in the UK opera te  under e ithe r EM AS or ISO14001 env ironm en ta l 
m anagem ent system s (Parro tt, 2002), and w h ile  th is is not d irec tly  rep resen ta tive  of the 
construc tion  secto r as a w ho le , it does account fo r a la rge portion o f the  sec to r a lone. It is 
expected  tha t all la rger construc tion  com pan ies  w ill be at least ISO14001 ce rtified , and the  rate 
of adoption  is like ly to  be s im ila r to  tha t across UK bus inesses as a w ho le  as m any of these  w ill 
fo rm  part of the  supp ly  cha in . There are a lso s tric t requ irem en ts  from  the  pub lic  secto r fo r 
ev idence  of env ironm en ta l m anagem ent system s (for exam ple  P ro ject A llenby /C onnaugh t).
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3.1.8 D8 -  Thermal efficiency of housing stock
Improving the thermal quality of dwellings is both an important economic factor for households 
as it helps reduce heating fuel bills, and also acts as an effective social benefit by reducing the 
number of households in fuel poverty by limiting the quantity of heating required during the 
winter. In addition, there is a valuable environmental benefit to be gained from improving 
thermal performance by reducing the carbon emissions from the domestic sector.
The construction industry is clearly of direct influence on the thermal properties of the dwellings 
it constructs and refurbishes, although it is not the sole influence as energy services companies 
(through the EEC) and homeowners can themselves improve aspects of thermal performance. 
Figure 10 shows a gradual improvement in the thermal properties of dwellings, and a reduction 
in houses that have no insulation. For new dwellings this has been mostly improved by 
increases in the Building Regulations (Part L1) standards, which were tightened further in 2002 
(ODPM, 2002).
For existing houses, the EESoP scheme, followed by the Energy Efficiency Commitment (EEC), 
has encouraged homeowners to improve their dwellings with grants provided towards loft and 
cavity wall insulation, draught stripping, condensing boilers and selected forms of embedded 
renewable generation like solar thermal hot water systems. Energy utility companies have been 
given targets of energy efficiency within their supply portfolios to provide the grants and advice 
to homeowners. This scheme, which initially focuses on the fuel poor, appears to be working 
well, although it has not catalysed a cross-sector move in energy efficiency improvements, and 
has only produced the results that match the investment.
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Indicator: Thermal efficiency of housing stock D8
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Figure 10 SD indicator D8 : thermal efficiency of housing stock (DEFRA, March 2004)
The Build ing R egu la tions are due to be fu rthe r upgraded in 2005/6  and w ill inc lude  g rea te r 
leve ls of insu la tion on both new  and re fu rb ished  ex is ting  dw e llings (O D PM , Ju ly  2004). Th is  w ill 
be the m ain veh ic le  to instiga te  the  requ irem en ts  of the  fo rthcom ing  E nergy P e rfo rm ance  of 
B u ild ings D irective. H ow ever, w h ile  the  requ ired  standards of housing are set to im prove  to best 
p ractice  levels, the p rocess of ensuring  tha t the  actua l bu ild ing s tandard  m eets the  requ irem en ts  
has becom e an im portan t issue, as cu rren tly  m any new  dw e llings do not ac tua lly  ach ieve  
Bu ild ing R egu la tions standards (G rigg, N ov 2004) The resources requ ired  to  po lice  bu ild ing  
q ua lity  w ill be substan tia l.
3.1.9 D9 -  Primary aggregates output per unit of construction value
C onstruction  m ateria ls  account fo r 69%  of UK m inera l extraction , of w h ich  40%  are used in 
concre te  (Parro tt, 2002). The m ajority  o f th is  m inera l ex trac tion  fo r concre te  w ill be in the  form  of 
p rim ary  aggrega tes. Up to 1988, the  q uan tity  of agg rega te  extracted  and the  cons truc tion  va lue  
p roduced la rge ly  m irrored each other. H ow ever, s ince th is tim e up to the  p resen t day the re  has 
been a decoup ling  of these  to facto rs, and aggrega te  extrac tion  has reduced  w h ile  cons truc tion  
va lue  has con tinued  to rise (see F igure  11).
T here  are like ly to be a num ber of in fluen tia l fac to rs  to produce th is d ive rgence . F irstly, the re  
has been a s ligh t m ove aw ay from  concre te  construc tion  tow ards stee l and  tim be r in bu ild ings. 
S econd ly, the va lue  of cons truc tions  -  bu ild ings in pa rticu la r -  has increased re la tive  to the  cost 
o f its com ponen t parts. Third ly, secondary  aggrega tes  such as crushed  concre te , PFA and o ther
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p os t-indus try  and -c o n s u m e r w aste  m ateria ls  have been substitu tes  fo r p rim a ry  aggregates. 
This th ird  fac to r is a key e lem en t tow ards sus ta inab ility  as it d irec tly  reduces  the dem and for 
natura l resources, w h ile  s im u ltaneous ly  reducing landfill d isposa l requ irem en ts .
Indicator: Primary aggregates per unit of construction
value
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Figure 11 SD indicator D9: primary aggregates output per unit construction value 
(DEFRA, March 2004)
3.1.10 D10 -  Construction & demolition waste going to landfill
Landfill Tax w as in troduced in O ctober 1998 and, as F igure  12 illus tra tes , the re  has been a 
halving of the quantity  of construc tion  and dem o lition  (C&D) w aste  tha t has been d isposed  to 
landfill (D EFR A, M arch 2004) s ince tha t tim e. The reduction  show n here appears  g rea te r than  
tha t show n in F igure  2, and there  m ay be som e varia tion  in da ta  m e thodo log ies  g iven  the 
va riances stated above. H ow ever, w ha t is c lea r is that, w h ile  the tota l am oun t of C &D  w aste  has 
not reduced, and has like ly increased, the am oun t o f w aste  that is recyc led  has increased  
substan tia lly .
R ecycled  C&D  w aste  takes the  fo rm  of c rushed concre te  for se conda ry  agg rega tes  re in troduced  
into fresh concre te , rec la im ed build ing p roducts such as bricks and roo f tiles, roo f trusses  and  
doors, and re-use of dem olition  inert w a tes on site as backfill and landscap ing  m ate ria ls  as w e ll 
as sub -bases fo r roads, pa thw ays  and hardstand ing . C oncre te  and b rick  c rushe rs  are  becom ing  
a m ore frequen t fea ture  on construc tion  s ites and prov ide  a va luab le  resource , as w e ll as 
m in im is ing  hau lage  and d isposa l costs. It is d ifficu lt to ga in  data  fo r the  q uan tity  o f re-used, 
rec la im ed and recyc led  m ateria l con ten t in construc tion  p roducts as m uch of th is  neve r leaves
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the  site  boundary. So as a p roxy m easure, the ind ica to r D10 e ffec tive ly  show s the  quantity  of 
C &D  w aste  tha t is d ive rted  from  landfill to  m ore p roductive  and va luab le  uses.
In d ic a to r : C o n s tru c tio n  a n d  d e m o lit io n  w a s te  g o in g  to  D 10
la n d f ill
C h a rg e  s:nce
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quarries
Figure 12 SD indicator: construction & demolition waste disposed to landfill (DEFRA,
March 2004).
3.1.11 D21 -  Heavy goods vehicle mileage intensity
T here  is on ly  lim ited in fo rm ation  on veh ic le  m ovem ents  from  the  construc tion  p rocess, a lthough 
the re  is c lea rly  a large num ber of heavy goods tha t are transported  to  site, and C & D  w aste  tha t 
is rem oved. The nature  of cons truc tion  s ites are tha t few  are near rail or w a te rw ays , so road 
hau lage  is the  on ly option fo r the vast m a jo rity  of p ro jects. In add ition, s ites are labou r-in tens ive  
o pera tions and entail a s ign ifican t degree  of com m uting , e ither da ily  or w eekly.
A long the  construction  m ateria l supp ly cha in , the va rious stages tha t increase  the  va lue  of 
m ateria ls  until they  reach site  a lso  invo lve  s ign ifican t transporta tion  o f e lem en ts , by -p roduc ts  
and w aste . S om e m ateria ls  m ay com e from  abroad; m any are heavy or large, m ost are m ade 
up of com ponen ts  from  d iffe ren t sources.
The on ly  m easure of construction  transpo rt found  in th is research  w a s  a KPI fo r transpo rt 
m ovem ents  onto  site during the construc tion  p rocess per unit of cons truc ted  va lue  (DTI, Aug 
2004). In 2003 there  w ere  44 veh ic le  m ovem ents  onto  s ite  per £ 100k  p ro jec t va le . Th is  
decreased  to 34 m ovem ents /£100k in 2004.
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3.1.12 K1 -  Vacant land and properties and derelict land
The re-use o f de re lic t land, usua lly  in urban areas, be fore  resorting  to g reen fie ld  a lte rna tives 
p rov ides socia l, env ironm en ta l and econom ic  benefits . This  issue has been partly  touched  on 
w ith  ind ica to r H14 (N ew  hom es bu ilt on p rev ious ly  deve loped  land), but in th is  case  it is the 
ava ilab le  land and bu ild ings for deve lopm en t tha t is m easured.
D erelict bu ild ings and land crea te  a dangerous and una ttrac tive  region in a com m un ity . These 
areas can becom e tem pting  ‘p layg rounds ’ fo r ch ild ren , prov ide  a hab ita t fo r ve rm in , and 
genera lly  reduce  the aesthe tics  of a ne ighbourhood . R em oval of these  a reas is c lea rly  a socia l 
benefit.
W h ile  som e de re lic t s ites can prov ide  a p ro tected  ecosystem  if left fo r period  of tim e, the  land 
m ay be con tam ina ted  or conta in  w as te  bu ild ing and m ach ine ry  com ponen ts . Th is  adds to the 
cost of rem ed ia tion  or redeve lopm ent. H ow ever, exhausting  all the  de re lic t op tions be fore  
seeking g reen fie ld  loca tions w ill conserve  un ta in ted  ecosystem s, often p rov ide  a location neare r 
an urban cen tre  (and so of h igher re-sa le  va lue), and reduce  transpo rt im pacts fo r hau lage  and 
com m ute rs  once opera tiona l.
Indicator: Vacant land and properties and K1
derelict land
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C h a n g e  since  
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Engafti 
Sojxe: GOPM
Figure 13 Vacant dwellings by stock type (DEFRA, March 2004)
The tw o graphs used for th is ind icator, F igure  13 andF igu re  14, show  on ly a s ligh t im p rovem en t 
in the  use of existing  de re lic t land -  there  appears  to  be s ign ifican t rem ain ing  a rea  to deve lop . 
W h ile  the ind ica to r H14 show ed tha t 67%  of new housing, and m ore than  50%  of all bu ild ings, 
w ere  built on p rev ious ly  deve loped  land, the re  is scope fo r im provem ent as the re  rem a ins m ore
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de re lic t land and bu ild ings to deve lop. H ow ever, the  approp ria teness of any pa rticu la r site  to 
redeve lopm en t cannot be researched  here, and it is like ly  tha t the m ost a m enab le  s ites have 
been redeve loped  a lready.
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Figure 14 Derelict land stock (DEFRA, March 2004)
3.1.13 N3 -  C02 emissions by end user
The carbon em iss ions from  any secto r that p redom inan tly  uses bu ild ings is d e p en d a n t on th ree  
m ain facto rs. F irs tly  is the  carbon in tens ity  of the energy source ; second ly  is the  e ffic iency  o f the 
bu ilt env ironm en t in w h ich  tha t energy is used; and th ird ly  is the  occu p an t behav iou r 
cha rac te ris tics  and the nature  of the  in te raction  be tw een bu ild ing user and e ne rgy  system .
F igure 15 illustra tes the carbon  em iss ions from  the  UK dom estic , se rv ice  and pub lic  secto rs , all 
of w h ich p redom inantly  consum e the ir ene rgy  dem and w ith in  a bu ilt env ironm en t. It is c lea r tha t 
a s teady, if g radua l, reduction  in carbon em iss ions has taken  p lace ove r th is  period . The energy  
consum ption  in the  dom estic  secto r has been included, and illustra tes an increase  in ene rgy  
dem and fo r th is secto r over the sam e period.
The  energy sources used in bu ild ings are cu rren tly  m ade up of p re dom inan tly  na tura l gas and 
grid  e lectric ity . O ver th is period the re  has been a d is tinc t m ove tow a rds  natura l gas fo r bu ild ing  
heating (from  coal, oil and grid e lec tric ity ), and the re  has been a s im ila r m ove to w a rds  natura l 
gas and nuclear pow er fo r the genera tion  of grid e lec tric ity  (from  coal and  oil). T hese  trends 
have con tribu ted  to  reducing  the carbon in tensity  fo r both bu ild ing heating and  pow er supply.
H ow ever, it appears tha t the  dom estic  sector, at least, has leve lled  o ff in recen t yea rs  as the 
'dash fo r g a s ’ has fin ished . M eanw hile , the  pub lic  and serv ice  secto rs  are  con tinu ing  to  reduce  
carbon em iss ions, the  serv ice  secto r at a s low er rate, pe rhaps re flecting  a m ore com m erc ia l
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perspective  to reducing  overhead costs, and the pub lic  secto r requ ired  to m eet gove rnm en t 
ta rge ts  set to ‘ lead by e xa m p le ’.
Carbon emission by building sector
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Figure 15 Carbon emissions by building end-use sector (DEFRA, June 2005)
3.1.14 S1 -  Net loss of soils to development
M in im is ing  the loss o f undeve loped land to the  deve lopm en t of bu ild ings and roads is a key 
fac to r to p ro tecting  exis ting  hab ita ts and landscapes, and na tura l am en ity  fo r local com m un ities . 
This ind ica to r rep resen ts  the  o ther half of the  set o f m easures tha t describe  both the use of 
de re lic t u rban land and unspoilt, p rev ious ly  undeve loped  land fo r cu rren t d e ve lopm en t 
purposes. Ind ica to r S1, show n in F igure  16, dem onstra tes  a g radua l dec line  in the  a rea  of 
undeve loped  land tha t is taken  fo r deve lopm en t each year. Th is  m irro rs  the  g radua l increase  in 
the pe rcen tage  of deve lopm en ts  tha t are p laced on p rev ious ly  deve loped  land (see F igure  1).
The vast m ajority  o f undeve loped land tha t is subsequen tly  deve loped  is taken  from  the 
ag ricu ltu ra l sector, w h ich  is usua lly  im proved in som e way, and is not cons ide red  an unspo ilt 
na tura l hab ita t. Forestry, open land and w a te r are m ost like ly to be unspo ilt and un im proved  
natura l hab ita ts , and it is c lea r that th is rece ives the  m ost p ro tec tion . In te res ting ly , how ever, the 
second h ighest ca tegory  -  urban land not p rev ious ly  deve loped  -  is like ly  to be urban pa rk land  
and green  space tha t prov ides va luab le  am en ity  to urban com m un ities  tha t are o therw ise  a long 
jou rney  from  extra -u rban  green space. This  e n croachm en t into urban pa rk land  appears  to  act
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aga inst the  socia l im pera tives of the  sus ta inab ility  agenda, a lthough the exact na ture  of th is 
urban undeve loped land w ill depand  on its location and characte ris tics .
Indicator: Net loss of soils to development
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Figure 16 SD indicator: net loss of soils to development
3.1.15 S 14-Am ount of secondary and recycled aggregates used in construction
The p roportion  of aggrega tes used in construc tion  tha t are from  seconda ry  and recycled  
sources, such as c rushed concre te  and brick and inert g ranu la r industria l w astes , has increased  
re lative  to the  consum ption  of v irg in  agg rega tes. W hile  the tw o years show n in F igure  17 are for 
d iffe ren t a reas (1989 for the UK; 2001 fo r Eng land  on ly), the  proportion  of secon da ry /re cyc le d  to 
virg in  has im proved from  9.0%  in 1989 to 22 .7%  in 2001. This  m atches the  im p rovem en t in 
w aste  recycling  described  by earlie r ind ica to rs  (A4 and D10) and is a pos itive  m ove to w a rd s  a 
sus ta inab le  resource  s trategy. H ow ever, the re  rem ains substan tia l scope  fo r fu rthe r 
im p rovem en t as m uch of the  rem ain ing w aste  m ateria l tha t is d isposed  to  land fill is su ita b le  for 
s im ila r recycling.
EngD Environmental Technology: Market Influences on Sustainable Energy Designs in Buildings
Materials module: How sustainable is the Construction Industry?
URN 3247155 Jon Atkinson
151 Sept 2005
Indicator: Amounts of secondary/recycled aggregates
used compared with virgin aggregates1.
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Figure 17 SD indicator: comparison of secondary/recycled aggregates to virgin 
aggregates used in construction (DEFRA, March 2004).
3.1.16 S15 -  Mineral extraction land covered by restoration & aftercare 
conditions
W hile  the re ins ta tem en t of m ines and quarries  is not a d irect issue fo r the  construc tion  industry , 
a gg rega te  and m inera l extraction  form  an in tegra l e lem en t of the  cons truc tion  supp ly  cha in , and 
p roduce one of the g rea tes t im pacts from  construc tion  activ ities  (Parro tt, 2002). The re  is lim ited 
data ava ilab le  to show  any p rogress over tim e, but F igure  18 g ives a ‘sn a p sho t’ o f res to ra tion  
and a fte rcare  cond itions  in 2000. A t th is tim e, 62%  of m inera l ex trac tion  land w as covered  by 
resto ra tion  orders, and 44%  w ere  covered  by a fte rcare  cond itions.
Such cond itions  are s ite -spec ific , depend ing  upon the  qua lity  and cha rac te ris tics  of the  land 
p rio r to extrac tion , and the  in tended purpose  of the  land a fte rw ards. C losed  quarries  and 
extrac tion  s ites can be m ade into w etlands, fo r exam p le  at Barnes W e tland  C entre , London. 
They can a lso form  rese rvo irs  and w a te r recrea tion  cen tres  because o f the  excava ted  relie f. 
M ost curren t excava tions  are  in rural a reas so rem ed ia tion  w ill usua lly be ta rge ted  at p rov id ing  a 
benefit to the natura l hab ita t and local ecosystem  w h ile  a lso encourag ing  v is ito rs  fo r rec rea tiona l 
and am en ity  purposes, poss ib ly  to o ffse t the costs of resto ra tion.
It is unclear w he the r the  proportion  of post-w orks cond itioned  sites has increased  or o therw ise , 
but there  is c lea rly  scope fo r im provem ent tow a rds  100%  a fte rca re  or res to ra tion  requ irem en ts .
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Indicator: Mineral working site land covered by S15
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Figure 18 SD indicator: Aftercare and restoration conditions on mineral extraction sites
(DEFRA, March 2004).
3.2 Other UK ind icators
Beyond the  UK g ove rnm ent SD ind ica to r set, som e o ther ind ica to rs are  p roposed  tha t are  m ore 
spec ific  to the construc tion  industry, de ta iled  below .
3.2.1 Labour productivity
C onstruction  S ta tis tics  2004 (DTI, Aug 2004) inc ludes a KPI tha t describes the  labour 
p roductiv ity  in te rm s of the added va lue  per em p loyee  for construc tions. The da ta  from  2000 -  
2004 are show n in F igure 19, w h ich show s a con tinued  increase  in p roductiv ity , w ith  a sha rp  
rise from  2002. W h ike  part of th is rise is like ly  to be a ttribu tab le  to an increas ing  re lative  va lue  of 
bu ild ings, c lea rly  there  are som e positive  steps being m ade tow a rds  g rea te r p rodu c tiv ity  from  
labour and staff.
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Figure 19 Construction productivity KPI (DTI, Aug 2004)
3.2.2 Considerate Constructors Scheme (CCS)
The CCS was initiated to improve the public perception of the construction industry. It is a 
scheme to which individual construction sites subscribe to an unannounced auditing process on 
those issues that affect the local community. The issues audited include:
• Nuisance (noise, dust, night-time light pollution)
• Neighbourliness, consideration and respect for the local community
• Signage and information informing the community of contact details
• Cleanliness and environmental performance
• Safety, responsibility and accountability
The scheme has been a success with awards for the best sites each year being reported in the 
construction press, and an increasing number of registrations each year, as shown in Figure 20 
below. It is the most appropriate indicator of the construction industry’s consideration of direct 
local impacts in social terms.
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Figure 20 Considerate Constructors Scheme uptake 1997 - 2005 (CCS, 2005)
3.2.3 Sustainable urban drainage schemes (SUDS)
T here  is scarce  da ta  describ ing  the uptake of sus ta inab le  d ra inage schem es across the UK. 
Such schem es o ffe r m any env ironm enta l and socia l bene fits  at little, o r no, ex tra  life cyc le  cost. 
It appears  tha t SU D S are ga in ing acceptance , pa rticu la rly  in roadside  d ra inage  design, and it is 
s trong ly  encouraged  by the  E nv ironm ent A gency (Davis, 2004) as a w ay of m in im is ing  flood  
risk, m itigating  low level po llu tion , a llow ing  easy access if la rger po llu tion  events  occurs, 
recharg ing  aqu ifers and avo id ing the  need to co nvey  runo ff aw ay from  ca tchm en ts , and 
prov id ing  add itiona l w ild life  benefits.
G iven tha t SU D S  are supported  by gove rnm en t (for exam p le  by D EFR A) and industry  bod ies 
(such as C IR IA ), and from  research obse rva tions  it is c lea r tha t th is m ethod  of su rface  w a te r 
m anagem ent is ga in ing  in acceptance , it appears  tha t the re  is steady, if s low , p rog ress to w a rds  
g rea te r adoption  of SU D S  m ethods.
3.2.4 Embedded renewable generation (eRE)
A doption  of enbedded  renew ab le  generta ion  techno log ies  is increasing  fo r bu ild ings  in the UK. 
H ow ever, the  rate of up take  depends upon the te chno logy  under co ns ide ra tion , and is a 
function  of the  com m erc ia l case for adoption . W hile  ene rgy p rices rem ain  low, the re  is little 
econom ic  incen tive  to em ploy a lte rna tives to grid e lec tric ity  and natura l gas, desp ite  gove rn m e n t 
encouragem en t as dem onstra ted  in the E nergy W h ite  Paper (DTI, Feb 2003).
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Low Carbon Energy Uptake in the UK
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Figure 21 Uptake of embedded low carbon and renewable energy in the UK (Source: PV- 
UK; Laughton, 2003; BPA, Jan 0999; DTI, 2003).
As F igure 21 show s, som e techno log ies  are show ing  a s teady increase  in up take  -  such as 
so la r the rm a l fo r w a te r heating  w hich has doubled  s ince 2000, and pho tovo lta ics  w hich appear 
to have increased th ree fo ld  ove r the  sam e period; o thers such as C H P  are show ing  ve ry  little 
p rogress at present.
The g o ve rn m e n t’s s tance  to favour ene rgy e ffic iency  as a firs t s tep  be fore  cons ide ring  
renew ab les  is fac ilita ting  a good up take  rate fo r condens ing  bo ile rs, set to d ram a tica lly  increase  
as the  p roposed update  of the  Bu ild ing R egu la tions is expected  to m ake the spec ifica tion  of 
condens ing  bo ile rs e ffec tive ly  m andatory.
3.2.5 BREEAM, EcoHomes and CEEQUAL
BR E EA M  and E coH om es are estab lished  schem es deve loped  by the  Bu ild ing  R esearch  
E stab lishm ent (BRE) to assess the env ironem enta l pe rfo rm ance  of bu ild ings. Follow ing  
gove rnm ent support fo r the  schem es, the  reg iona l deve lopm en t au tho rities  have been tasked  
w ith  ensuring  tha t all th e ir p ro jects ach ieve  BR E EA M  and E coH om es s ta n da rd s  o f 'E xce lle n t’ by 
M arch 2003 (O G C , June 2000). O the r pub lic  secto rs, such as the M O D, have been set s im ila r 
ta rge ts  (for exam p le  P ro ject A llenby/C onnaugh t), and th is has lead to a recen t inc rease  in the 
adoption  of these  schem es across the construc tion  sector.
C E E Q U A L is a s im la r schem e deve loped  by the Institu te  of C iv il E ng ineers  (IC E), and launched 
in 2003, w h ich  assesses the env ironm enta l pe rfo rm ance  of civil eng inee ring  p ro jec ts . A num ber 
of p ro jects have been assessed using th is m ethod, a lthough it is too  ea rly  to assess its success.
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3.2.6 Sustainable Communities Plan
“The Deputy Prime Minister launched the Communities Plan (Sustainable Communities: 
Building for the future) on 5 February 2003. The Plan sets out a long-term programme of action 
for delivering sustainable communities in both urban and rural areas. It aims to tackle housing 
supply issues in the South East, low demand in other parts of the country, and the quality of our 
public spaces. The Plan includes not just a significant increase in resources and major reforms 
of housing and planning, but a new approach to how we build and what we build.” (ODPM)
This programme was launched recently and there is a substantial invesment (£22 billion over 3 
years) for the promotion of quality of life through new housing and infrastructure. A large portion 
of this invesment will pass through the construction industry in projects like the Thames 
Gateway, and design and construction solutions will be under scrutiny for performance against 
the sustainability agenda.
3.3 Sustainability Appraisal Criteria
Using the indicators described above, and the current performance of the construction industry 
against them, the criteria listed below represent a qualitative appraisal of sustainability 
performance within the range of categories defined by the sustainability agenda. In many cases, 
the indicators above will describe accurately the current performance with little additional 
information required to provide an effective assessment. In other cases, however, further 
perspective and review is required to ensure that the whole of the issue is considered rather 
than an indicator’s defined scope.
The following sections will strive to provide an overview of current construction industry 
performance using both indicator data (methodology as illustrated in Table 18 in the Appendix) 
and industry references. This will be in the form of a rating system, as is adopted in many 
sustainability appraisals (for example Defence Estates, 2002 and Arup, 2005), which seeks to 
describe performance by using five performance bands as follows:
• A -  best practical performance against sustainability agenda
• B -  good improvement towards sustainability
• C -  some improvement towards sustainability
• D - no change in performance against sustainability
• E -  worsening performance against sustainability
Clearly, this type of band description is aimed at assessing sustainable development, defined as 
the steps taken towards the goal of sustainabilty. The ideal of sustainability in the construction 
sector will be discussed in section Error! Reference source not found, below.
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3.3.1 Efficiency/productivity of construction process
The efficiency, or productivity, of the construction process is a measure of the value achieved 
per unit of input. The key inputs in this case are essentially non-renewable minerals, energy, 
water and fuel, and labour. Wastage of any of these inputs reduces the productivity achieved.
SD indicator A4 shows that the total waste arising from construction is increasing, despite the 
increased recycled and inert waste content in a number of construction elements and materials. 
The majority of the construction process is conducted on site, which is inevitably susceptable to 
unpredictable elements such as weather, delivery times, reduced quality control and non­
specificity of skilled labour. Off-site and prefabricated construction is a growing industry, 
particularly for dwellings, but accounts for a small proportion of total construction activities. 
Clearly, the more elements that are manufactured and finished within a controlled 
manufacturing environment, the more control can be placed on waste, energy use, quality, and 
the potential for contamination through emissions, as well as the working environment for staff. 
Transport of higher value materials, containing a smaller waste proportion, should also reduce 
haulage impacts, although this may be offset by increased packaging and the ‘transport of air’ 
for some elements.
Indicator D9, however, shows a decoupling of primary aggregates extraction from construction 
value since 1988. While this may be partly attributable to increasing values of construction 
products -  particularly buildings -  it nevertheless indicates an increasing productivity from the 
mineral resources consumed, and is a clear step forwards for this issue.
In terms of energy and water consumption, indicator D3 shows that while certain sections of the 
industry appear to be making progress to reduce demands, such as the concrete and cement 
sector (see Figure 9), there is little clear indication of an overall improvement across the 
construction sector as a whole.
Transport impacts, partially described by indicator D21, show some significant improvements for 
vehicle movements onto site, although the sample period is small. In terms of labour 
productivity, paragraph 3.2.1 shows a steady improvement in performance since 2000, as 
described in Construction Statistics 2004 (DTI, Aug 2004).
The following table (Table 3) summarises the derivation of the overall productivity and efficiency 
performance of the construction industry, which is rated as providing some improvement 
towards sustainability, although there are clearly some shortfalls.
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Table 3 Sustainability appraisal of the productivity/efficiency of the construction sector.
Indicator Rating
Waste from construction activities A4 E
Primary aggregates output per unit construction value D9 C .
Energy & water consumption during construction D3 C
Heavy goods vehicle mileage intensity D21 c
Labour productivity B
Overall productivity/efficiency performance c
3.3.2 Waste minimisation and recycling
Minimising the waste and maximising the recycling of materials is a common sustainable theme 
to all sectors. General good site practice accounts for a large portion of the potential to recycle 
waste in the construction sector, and is assessed by looking at indicators A4 and D10. A4 
shows an overall increase in the total amount of waste produced which is matched by a similar 
increase in the quantity of recycled waste. So while there has been good progress in diverting 
waste towards recycling, this progress has been nullified, and indeed made worse, by increases 
in total waste, meaning that the amount of waste transported around the country has increased. 
Indicator D10 looks at the waste going to landfill, and shows some improvement, although that 
rate of imnprovement seems to be slowing significantly in recent years.
There are a number of measures that are specific to the construction industry; one in particular 
is the re-use of inert demolition spoils such as concrete, stone and brick for aggregate. This is 
partly assessed as part of indicator D9 mentioned above, which has shown some improvement 
by decoupling extraction from construction value. However, a more specific indicator is S14 
which shows a steady increase in the proportion of recycled to virgin aggregates.
In terms of all elements used in construction, some lend themselves far better for re-using arid 
recycling than others. Structural, finishing and other high grade elements are less likely to be 
from a recycled source as higher standards of integrity and finish are often required. Reclaimed 
materials (such as tiles and bricks) are usually more expensive than new to take account of the 
deconstruction process involving significant time and safety precautions. Meanwhile, other
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elements readily use recycled or industrial by-product substances. Examples include concrete 
blocks containing pulverised fuel ash (PFA), reconstituted stone and wood products like fibre 
boards and MDF. However, while more products containing recycled materials are regularly 
appearing on the market, in terms of overall uptake across the sector there is little progress.
Table 4 Sustainability appraisal of waste minimisation and recycling within the 
construction sector.
Indicator Rating
Waste from construction activities A4 E
Primary aggregates output per unit construction value D9 C
C&D waste going to landfill D10 C
Amount of secondary/recycled aggregates S14 c
Overall recycled material use in construction D
Overall waste management performance D
3.3.3 Decent working conditions for employees and contractors
The Investors in People standard is proving to be a successful framework for companies to 
encourage employess training, motivsation and progress. The construction sector has lagged 
behind most other commercial sectors, large and small, in terms of uptake with the scheme as 
can be seen with indicator C4. However, HP recognition of construction companies has now 
reached 19% and has been steadily rising for several years.
Work fatalities and injuries are an important issue for the construction industry as a whole. 
Performance is historically poor and, from indicator C10, it is clear that little real progress has 
been made either to the rate of fatalities or major injuries.
A survey conducted on behalf of the DTI into employee satisfaction in the construction industry 
showed after research into a range of job satisfaction issues, that only 41% of staff were 
satisfied, or better, with their employment in both 2003 and 2004 (DTI, Aug 2004). This has 
been included in this appraisal as ‘no change’.
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Table 5 Sustainability appraisal of the working conditions for construction employees 
and contractors.
Indicator Rating
Business recognised as Investors in People C4 C
Work fatalities & injuries C10 D
Employee satisfaction D
Overall employee conditions performance D
3.3.4 Business relationship with sub-contractors, suppliers and partners
Assessing the relationship between individual companies and their supply chain is inherently 
subjective, and lacking in data. As an input to this appraisal a number of indicators are used to 
support conclusions, as shown below.
The adoption of established and public environmental management systems (such as 
ISO14001) has seen a continued increase across the construction sector. Larger companies are 
more likely to be registered, and as these achieve certification, they exert pressure on their 
supply chains. This encourages a rapid increase in registration as smaller companies are forced 
to maintain market share as EMS registration becomes a market differentiator.
The use of the BREEAM suite of environmental assessment tools for buildings has gained 
important support from the government and regional development agencies. This has lead to a 
recent increase in the number of developments that are required to achieve a certain standard 
using this methodology. While BREEAM and EcoHomes are environmental assessment 
methods, they do include criteria that attempt to benchmark issues within the larger 
sustainability agenda. CEEQUAL is a recently developed tool for civil engineering projects, and 
while there has been adoption of the scheme, it is too early to assess performance.
The use of sustainable timber products, and in particular the Forestry Stewardship Council 
(FSC) scheme, for timber specification is supported by the public sector (e.g. Defence Estates 
procurement policy requirements). These products are becoming increasingly available, both in 
construction industry supply chains and in the DIY home improvement market.
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Table 6 Sustainability appraisal of the relationship within the supply chain.
Indicator Rating
Adoption of environmental management systems D4 B
BREEAM, EcoHomes & CEEQUAL B
Use of FSC timber C
Overall supply chain performance B
3.3.5 Responsiveness to customers, end-users and other stakeholders
Responding to various groups of stakeholders, clients and future occupants is a measure of the 
quality of a development, and its ‘fitness for purpose’. It is also a measure of the 
appropriateness of a development for the local community, and the degree to which planning 
conditions are adhered.
The adoption of an EMS is often preceded by a comprehensive quality management system, 
which ensures a sound framework and procedure is set out by each company so that a 
consistent quality is achieved. Adoption of the IS09000 series for quality management has 
been in advance of that for IS014000, and at a faster rate. This is reflected in a client 
satisfaction survey (DTI, Aug 2004) that shows a significant improvement in both product and 
service satisfaction between the surveyed years of 1999 -  2004.
Corporate social reporting (CSR) has been a key feature of UK business following initiatives 
such as the Global Reporting Initiative (GRI), FTSE4Good and Business in the Community 
(BITC) Corporate Reporting Index. This latter example has produced a ranking of the top 100 
companies for their CSR reports. Construction industry companies account for only 5 of the top 
100 ranking companies -  the highest being Carillion at 32. Considering the fact that the 
construction industry has a large impact on both society and the environment, this low level of 
adoption of the principles of public reporting of social and environmental performance is falling 
behind other less impacting sectors such as banking (1st, 3rd, 9th & 14th=), utilities (2nd, 9th=, 9,h= 
& 14th=), oil and gas (14th=), and even mining (14th=, 22nd & 32nd=). This has been assessed as 
a relatively worsening performance in comparison to other market sectors.
Appropriate development is governed partly by the availability of vacant or derelict sites rather 
than greenfield, and also by the planning conditions that are imposed on developments.
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Ind ica to r K1 has show n little s ign ifican t im provem en t in reducing  ava ilab le  de re lic t land, 
suggesting  a poor reaction  to urban regeneration  opportun ities . In te rm s of p lann ing cond ition  
adherence , F igure  22 show s a recent increase in p lann ing  con traven tion  no tices and 
en fo rcem ent notices served, a lthough the level o f notices served  has not reached those of 
1995/6.
Formal enforcement action by district planning authorities: 
England 1994 95 to 2003 04
1994/95 1995/96 1996/97 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04
■ Enforcement Notice; i;;ucd  □ Planning Contravention Notice; ;erved □ Breach o f Condition Notice; ;erved □ Stop N otice; ;erved
Figure 22 Planning condition adherence of developments (ODPM, 2005a)
Table 7 Sustainability appraisal of the responsiveness of the construction sector to 
stakeholders.
Indicator Rating
A doption of env ironm en ta l m anagem ent system s D4 B
Vacant land & p roperties K1 D
CSR reporting E
P lanning dec is ions & en forcem en t E
C lien t sa tis faction C
Overall stakeholder responsiveness performance D
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3.3.6 Energy efficiency of buildings/ developments
Two indicators; D8 and N3, effectievely represent the issue of the energy efficiency of the built 
environment. The majority of space heating is used in dwellings, so the thermal efficiency of the 
housing stock (D8 ) is clearly a valuable measure of sustainability performance. Improvement of 
new buildings has increased in steps in line with updates of the Building Regulations, with a 
further increase expected later this year bringing the required level of performance in line with 
best practice standards. Improvements in existing housing has been aided by first the EESoP 
scheme, then the Energy Efficiency Commitment (EEC), which has brought about a significant 
thermal improvement in a small proportion of houses. Overall, however, only 14% of housing 
achieves ‘full insulation’; while 6 % have no insulation. So while there is some improvement, 
there is plenty of scope for much more.
Indicator N3 shows the improvement in the carbon emissions across building user sectors. 
Much of the improvement up to the mid-1990’s has been through the ‘dash for gas’ in both 
electricity generation and domestic heating fuel supply. The benefits of this change in priority 
fuel have been effectively used up, and it is clear that the domestic sector is now fairly constant, 
perhaps even increasing, in C 02 emissions. The commercial sector, driven by financial 
perogatives, is showing a gradual improvement by employing ‘good housekeeping’ measures at 
low, or no, cost. The public sector is showing the most marked improvement spurred on by 
government targets for efficiency and renewable energy.
While all new buildings have to comply with the current building regulations at construction, the 
anticipated update is expected to include existing buildings when refurbished. This should 
provide a significant catalyst to improve upon, in particular, thermal performance across the built 
environment.
Table 8 Sustainability appraisal of the energy efficiency of buildings in operation
Indicator Rating
Thermal efficiency of housing stock D8 C
C02 emissions by end user N3 C
Overall operational efficiency performance c
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3.3.7 Contribution to communities -  safe, viable and cohesive
The built environment makes a large and valuable contribution to the physical nature of society, 
most of which is enabled through the construction industry. While the decisions of ‘what is built?’ 
and ‘where it is located?’ are made by central and local government, the design solutions, 
method of construction and final execution are for the construction sector.
Indicator B5 represents the level of investment in social ‘goods’ such as community buildings, 
transport infrastructure, water and sewage networks. The level of investment has varied greatly 
and shows no real positive or negative trend. Current government emphasis towards private 
financing of public projects may be affecting this measure.
Urban regenration is another key issue to promote a healthy society, and indicator K1 shows the 
quantity of derelict land and property available. There is a slight downward trend in both derelict 
land and vacant buildings, indicating some improvement.
The Sustainable Communities plan initiated by the ODPM has set out a framework for future 
developments that the construction industry will have to follow. This will encourage sustainable 
design and construction solutions in new housing communities planned to be developed over 
the coming years in a number of locations across the UK. This programme, which involves £22 
billion over three years of government investment will ensure that the demonstration of 
sustainable construction will be a key issue for the construction companies involved.
Table 9 Sustainability appraisal of the contribution towards communities.
Indicator Rating
Social investment B5 D
Vacant land & properties K1 C
Sustainable Communities plan C
Overall community performance C
3.3.8 Use of sustainable materials
Concrete accounts for nearly 70% of all mineral-based materials used in construction (Parrott, 
2002). For the greatest benefits to the issue of sustainable materials in construction, the 
quantities of virgin minerals that are extracted must be reduced by substituting a substantial
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portion with recycled or waste aggregates and sands. As described above, crushed concrete 
and recovered aggregates can be used; waste glass can be ground to a sand; increasing 
amounts of PFA are used in cement manufacture; and air entrainment in concrete blocks can 
produce lightweight (and hence low material intensity) elements.
The degree to which this has been achieved to date is represented by indicator S14, and also 
supported by the indicators A4 and D9. Beyond the use of concrete, timber and wood products 
should be from sustainable sources. The most highly regarded scheme, as set out by BRE in 
their BREEAM and EcoHomes methodologies, is the FSC scheme. Procurement policies using 
FSC and other sustainable sourcing schemes can be found in the public .sector (e.g. Defence 
Estates), and this is increasing the market share of FSC certified timber.
Table 10 Sustainability appraisal of material usage.
Indicator Rating
Waste from construction activities A4 E
Primary aggregates output per unit construction value D9 C
Amount of secondary/recycled aggregates S14 C
Use of FSC timber c
Overall materials performance c
3.3.9 Use of renewable energy in buildings
Until recently, the use of embedded renewable energy generation technologies has been limited 
to a few head office buildings and keen householders. However, increasingly local authorities 
are including photovoltaic arrays and CHP systems in their new and existing buildings (e.g. 
Woking Borough Council), and this has been mirrored by other public departments such as the 
MOD.
As a result there has been a significant increase in the uptake of embedded renewables 
specification, as shown in Figure 21, although some technologies have performed better than 
others. Commercial considerations still dominate and restrain the market for renewables, but 
recent fossil fuel price increases and unpredictability are likely to result in further rises in uptake 
(Faber Maunsell, Sept 2004).
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Across the construction sector, there has been a recent reduction in carbon emissions, although 
this has been mostly due to efficiency measures and a move towards gas as a heating and 
electricity generating fuel.
Renewable energy is a rare sight on construction sites. There is encouragement through 
BREEAM to use green tariff electricity during the construction phase, but there is no evidence 
that this has occurred.
Table 11 Sustainability appraisal of renewable energy usage.
Indicator Rating
Energy & water consumption during construction D3 C
C 02 emissions by end user N3 C
Embedded renewable generation c
Renewables during construction D
Overall renewable energy performance c
3.3.10 Water efficiency in buildings
Water consumption in buildings has remained fairly constant for a decade, as demonstrated in 
Quality of Life Counts (DEFRA, March 2004), with little real progress made to reduce total 
consumption in either the domestic or commercial sectors. While BREEAM tools encourage 
water efficiency, it is given a low weighting when compared to energy efficiency, and so can be 
de-emphasised during design.
However, sustainable urban drainage schemes (SUDS) are increasingly common, including 
rainwater harvesting systems used for toilet flushing. While no data is available for the uptake of 
SUDS designs across the UK construction sector, it is clear from Environment Agency 
encouragement and CIRIA guideline availability, that this measure is being included in many 
planning conditions (e.g. West Wiltshire District Council Planning Authority). Use of SUDS 
designs allow for greater productivity from existing water resources, avoid flooding risks and 
reduces the demand for potable water.
The SD indicator for water quality and availability, Q2 (DEFRA, March 2004), covers all water 
demands and supply which includes industry and energy generation as well as that from the
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built environment. However, it is apparent that while planned water stocks remain constant 
between 1997 and 2025, predicted water demand over this period is expected to steadily 
increase, thus decreasing the margin of available water supply. Actual water demands for the 
first few years of this period have broadly confirmed predictions so far. While this is not 
representative of the impact of the built environment alone, this sector is accountable for a 
substantial proportion of water consumption.
Table 12 Sustainability appraisal of water efficiency in buildings.
Indicator Rating
Energy & water consumption during construction D3 C
Sustainable urban drainage systems (SUDS) C
Water consumption by end-users D
Predicted water demand & availability Q2 E
Overall water efficiency performance D
3.3.11 Prevention of construction impacts on community
During the construction phase there are many potential impacts on the local community ranging 
from nuisance impacts like noise and dust; safety impacts such as increased haulage, 
temporary road changes and site security; to issues that reflect the neighbourliness and respect 
that site workers have towards the local community. Much of this is represented by the CCS, 
which is focused on improving the public perception of the construction industry at a local level, 
with an increasing number of sites registering and seeking awards for their neighbourly efforts.
The transport impacts from construction activities at a local level are not specifically covered by 
the CCS. However, indicator D21 shows some improvement, given a small data sample, for the 
construction sector as a whole.
One of the benefits of a construction site, particularly in rural areas, is the boost that can be 
given to the local economy. This can be either directly through employment of local labour and 
sub-contracting firms, or indirectly by site staff spending money in local suppliers, shops and 
accommodation within the vicinity of the site. While this is very difficult to quantify, there is
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clearly some benefit to be gained that can partly offset some of the impacts felt by the 
community. Examples of this are given in Building a Better Quality of Life (DETR, April 2000).
Table 13 Sustainability of construction impacts on community.
Indicator Rating
Energy & water consumption during construction D3 C
Heavy goods vehicle mileage intensity D21 C
Considerate Constructors Scheme (CCS) B
Boost to local economy C
Overall community impact performance c
3.3.12 Prevention of surface and ground water pollution from construction
Construction sites are potential sources of aqueous pollution into watercourses and aquifers. 
Pollution can come from insecure or leaking bowsers of fuel; badly stored paints and lubricants; 
silting up of watercourses from freshly exposed earth; oil leaks from vehicles; and poor waste 
management. The Environment Agency pollution incidence reports covering 2001 -  2004 (see 
Figure 23) show a steady improvement in the sector’s performance in this period. Category 1 
incidents are the most damaging; category 4 incidents are probably lower than expected as 
many are likely to go unreported due to their lower apparent impact.
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Figure 23 Pollution incidents reported to the Environment Agency caused by the 
construction industry (Source: EA, 2005)
T he increasing  use of SU D S, w h ich  is encouraged  by the  EA and m any local au tho rities , is a 
va luab le  m easure  to  avo id  or m itiga te  po llu tion even ts . The use of the  natura l c lean ing  
p rocesses of vege ta tion  and topso il w ill keep  low level po llu tion , fo r exam p le  from  oil leak ing 
from  veh ic les , from  accum u la ting  or reach ing w a te rcourses. For la rger po llu tion  events, the  
open ly  access ib le  com ponen ts  of a SU D S design  enable  rapid excava tion  and rem ed ia tion  o f 
the  a ffected  com ponen ts . The  m ost rep resen ta tive  of the  SD ind ica to rs  fo r SU D S  use is S1 (net 
loss of so ils to deve lopm en t) as th is g ives an ind ica tion  of the ava ilab le  green land tha t can 
absorb  su rface  w a te r and recharge  the aqu ifer be low . A lso  o f im portance  fo r th is issue is the  
num ber of veh ic le  m ovem ents  on, and onto, site. W h ile  the re  are no figu res  fo r m ovem en ts  
w ith in  the  site  boundary, the re  has been show n a decrease  in the num ber o f m ovem en ts  on to  
site  (DTI, Aug 2004).
Table 14 Sustainability appraisal of surface & ground water control
Indicator Rating
E nergy & w a te r consum ption  during  construc tion D3 C
H eavy goods veh ic le  m ileage in tensity D21 C
N et loss of so ils  to  deve lopm en t S1 D
S usta inab le  urban d ra inage system s (SUDS) C
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Environment Agency reported pollution incidents C
Overall water drainage performance c
3.3.13 Use of brownfield land over greenfield land
Encouraging the re-use of previously developed land, and conserving undeveloped land, is an 
important sustainability issue mostly for environmental reasons, but also adds some social 
benefit. Conserving valuable ecosystems and habitats from the threat of development protects 
biodiversity in terms of quantity and quality, and provides a natural amenity for local 
communities to enjoy.
This issue is well described by the three indicators H14, S1 and K1. For S1, there has overall 
been an reduction in the area of soils lost to development each year. However, there remains a 
significant proportion of those undeveloped areas that become developed each year that come 
from urban areas, often removing valuable local green amenity within the urban sphere. This not 
only impacts local biodiversity in towns and cities and the availability of green spaces to citizens, 
but also encourages transport to other green spaces further away.
Indicator H14 shows that increasingly new homes and other buildings are built on previously 
developed land, although this has only reached 58% of developments, meaning that 42% are 
built on greenfield sites. Indicator K1 shows barely any progress towards reducing the amount 
of vacant and derelict land which is available for development, implying that the performance 
against H14 could be significantly improved.
Table 15 Sustainability appraisal of the development of brownfield and greenfield land
Indicator Rating
New homes built on previously developed land H14 C
Net loss of soils to development S1 D
Vacant land & properties K1 D
Overall land use performance D
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3.3.14 Protect local landscape and ecological value
Much of the data influencing this issue has been covered above when discussing the 
preference of brownfield land use over greenfield development. However, the issue of returning 
developed land to a natural habitat must also be considered here and is described by indicator 
S15. While this indicator focuses on mining and quarrying activities, this is clearly a substantial 
part of the construction industry supply chain, as 6 8 .8 % of all UK extracted minerals are used in 
construction (Parrott, 2002), with the remainder used by the transport sector -  a significant 
proportion of which can also be attributed to construction haulage.
The government assessment of this indicator is not conclusive of any progress, and only 
provides a ‘snapshot’ of data showing 62% of land is covered by restoration conditions and 44% 
has aftercare requirements. It is unclear whether this is an improvement, or otherwise, but there 
is clearly scope for improvement towards 1 0 0 % of extraction sites covered by at least 
restoration conditions.
Another part of this issue is of corporate expenditure on nature conservation projects. DEFRA 
has produced data (EIYP, 2004) comparing private and public expenditure on nature protection. 
While the construction industry cannot be entirely accountable for the whole of the private 
sector, it can be reasonably assumed that the greatest proportion of nature protection spending 
is as a result of construction projects. In 2002, private expenditure on nature protection was £52 
million. This compares to public expenditure of £611 million -  nearly 12  times more. While there 
is no preceeding data to give a measure of progress over time, it is clear that private 
expenditure on nature protection is low, and there is much scope for improvement to remove 
some of the burden carried by the public purse.
Table 16 Sustainability appraisal of landscape & ecological conservation
Indicator Rating
New homes built on previoulsy developed land H14 C
Net loss of soils to development S1 D
Land covered by restoration & aftercare conditions S15 D
Expenditure on nature protection D
Overall ecological performance D
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4 Discussion: how sustainable is the construction industry?
A summary table for the sustainability appraisal issues rasied that represent the impacts and 
benefits of the construction industry is shown in Table 17. This demonstrates a measure of the 
sustainable development of the construction industry, using as holistic an approach as possible, 
towards an ultimate goal of sustainability. Using the methodology described above and 
aggregating the results gives an overall sustainability performance of ‘C - some progess 
towards sustainability’. However, there are some elements of this analysis that are worthy of 
further discussion.
Table 17 Sustainability Appraisal results for the construction industry.
Issue Rating
1 Efficiency/productivity of construction process C
2 Waste minimisation/ recycling D
3 Decent working conditions for employee & contractors D
4 Business relationship with sub-contractors, customers, suppliers & 
partners
B
5 Responsiveness to customers, end-users & other stakeholders D
6 Energy efficiency of buildings/ developments C
7 Contribution to communities -  safe, viable & cohesive C
8 Use of sustainable materials (embodied energy, recycled, re-used, 
local)
C
9 Use of renewable energy in buildings C
10 Water efficiency in buildings D
11 Prevention of construction impacts (nuisance, noise, dust etc) C
12 Prevention of surface & ground water pollution from construction C
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13 Use of brownfield land over greenfield land D
14 Protect local landscape & ecological value D
Overall performance C
While there have been no explicit weighting applied to any individual issues, there are some 
‘embedded’ weightings that are created as a result of using the indicator approach. The fewer 
the number of indicators used to describe a sustainability appraisal issue, the greater the 
effective weighting that each indicator has on the result for that issue. To avoid this would 
require the same number of indicators used to describe each issue. But adopting the pertinent 
indicators from the UK government SD indicator set limits on the nature of the indicators 
available, although greatly improving the data collection prospects. There are many reasons for 
using weightings in analyses such as these, and similar work has been done by BRE to 
generate an industry weighting set for the BREEAM and EcoHomes tools (BRE, 1998a). 
However, after considering these and other weighting approaches, it is considered inappropriate 
to apply weightings across a sector that affects such a broad range of stakeholders and 
perspectives. The prime aim of this sustainability indicator appraisal technique is to provide a 
clear indication of current progress towards the stated aims.
There is also the issue of the accuracy of description of an issue by a discrete selection of 
indicators. The essence of an indicator is that it takes a selected and measurable theme as an 
indication of a greater trend. There are inherently inaccuracies embedded in this approach as 
the researcher attempts to make manageable a large amount of data. The main question is: 
how well do the selected indicators represent the overiding trend of an issue? The approach to 
indicator selection adopted here has been provide as broad and holistic an indicator set as 
seems appropriate from a range of standpoints, but focusing on the construction sector.
For example, issue 11 relates to the impact on the local community from construction activities. 
The indicators chosen use D3 and D21 from the UK SD indicator set, realting to the energy and 
water consumption, and the heavy goods movements, during construction. The CCS is used to 
describe how potential impacts are mitigated by contractors, and a final indicator attempts to 
describe in qualitative terms the potential boost to local economies. These indicators describe 
the social, economic and, to a degree, environmental impacts and benefits from the sector at a 
local level. (The environmental side of this triangle is only lightly dealt with in this issue as it is 
visited in more detail in issues 12, 13 and 14.) There is no weighting applied to favour one 
indicator over another, as explained above.
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Of the indicators used for this assessment, there are a number that are lacking in detail or 
complete data. An example of this is the issue of describing the transport impacts of the 
construction sector. The only indicator available to the researcher describes vehicle movements 
onto site per £1 0 0 k project value. This does not provide any information on the transport 
distances involved in the supply chain of materials and labour to a site and the various stages in 
between. An indicator equivalent to ‘food miles’ for construction would be very useful here, and 
quite revealing.
The recycled content of construction materials, beyond that of concrete, is also lacking in clarity. 
While concrete products account for the vast majority of construction materials used, other 
elements such as timber, steel and aluminium, plastics (particularly PVC), glass and textiles all 
have significant impacts, and can contain a substantial proportion of recycled material. In 
addition, there is a valuable, and lucrative, reclaimed material market for roof tiles, bricks, timber 
and ironmongery that has been untouched in this assessment. Further data is required to better 
represent these other materials than has been sourced for this assessment.
Construction and demolition waste data incorporates a significant degree of uncertainty and 
variance, both in terms of quantity, and also in terms of the methodology of data collation. The 
trends discerned for the increase in the total quantity of waste generated by the construction 
sector has been formed from a number of different, and not necessarily comparable, sources. 
This potential incompatability of data is inherent when using a number of different data sources 
for a particular issue. Measuring methodologies, periods, inclusions and assumptions are likely 
to include variations that the researcher is unable to discern. It is hoped that by using an 
appraisal method that does, not attempt to provide an accurate representation of changes in 
quantity, but instead illustrates broad trends over a number of years, the potential variation in 
methodologies used prior to this study will prove insignificant.
However, despite these potential inaccuaracies and a lack of detail for some issues, it is 
considered that this appraisal of the sustainability performance of the construction industry gives 
a fair and complete overview of the sector, its stakeholders, and its impacts and benefits. It is 
without doubt that there are many social and economic benefits that the construction industry 
creates. This is, to some degree, offset by the impacts to the environment, the local community 
and the employees. The initial question asked ‘how sustainable was the construction industry?’ 
This question, in addition to the assessment of current performance of sustainable 
development, also requires an understanding of what a sustainable construction industry would 
be like. Indeed, can the construction sector be truly sustainable?
To achieve the utopian goal of a sustainable construction sector effectively requires almost zero 
use of virgin resources -  both in terms of materials, energy and water. Virgin resource use must
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theoretically keep pace with the rate of geological resource creation. Therefore, re-using 
materials and buildings, and to some degree water, must become the standard approach to 
construction practice, effectively changing the sector into a refurbishment-focused industry. 
More energy used in construction must be generated from benign, non-fossil fuel, sources such 
as solar and wind, so that the limits of carbon tolerance in the atmosphere are not breached. 
The impacts to the supply chain of this approach, and the very infrastructure and transport 
required to enable it, mean that a wholesale paradigm shift would be required just to achieve 
sustainability in resource usage terms.
This minimal material approach would also enable waste to landfill to also be minimised. Using 
waste prodtucts as resources for new materials is essential to ‘close the loop’ of resource 
productivity. In a similar vein, a refurbishment-focused approach will also avoid any new threat 
to habitats and ecosystems, greenfield land or existing natural amenities, firstly by avoiding the 
need for more mineral extraction, secondly by reducing the demand for land for development, 
and thirdly by minimising the area required for landfill disposal.
Within the social agenda, reducing employee fatalities to zero, and injuries to nearly zero, 
should be an achievable and desirable goal. Improving performance in relation to the impacts to 
the local community is likely to be more difficult to define, and dependent upon the nature of the 
community in question. However, if all developments achieved exemplary performance under 
the CCS, this would provide an effective target. i
For the products of the construction industry, the resource use involved in operation can only be 
partly attributable to the design and quality of, for example, a building. There are behavioural 
variations to also take into account that neither design nor subsequent management can fully 
control. However, increasing Building Regulation standards are approaching an optimum 
performance level for the thermal properties of buildings. The next key stage is to ensure that all 
new buildings are built to the required standard, and that all existing buildings are refurbished to 
the same standard.
While some of these sustainable goals for the construction industry seem, at least, achievable in 
time, the majority would not be possible in the current market system, and the changes required 
would go far beyond the construction sector itself, and across the whole of the societal and 
economic framework in which we live.
5 Conclusion
After discerning the pertinent sustainability issues that the construction industry impacts, and 
measuring current performance using indicators against these issues, it has been shown that 
there has been some sustainable development throughout the sector towards the goals of
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sustainability. However, of the 14 issues described, six show no significant improvement. These 
include issues such as protection of ecology and undeveloped land; water efficiency of building 
designs; responsiveness to stakeholders and occupants; employee working conditions and 
safety; and minimising waste. Only one issue has shown a good improvement -  that of 
improving the business relationships throughout the supply chain. The seven other issues show 
some improvement, but there is plenty of scope and opportunity to improve further. Issues here 
are the efficiency and productivity of the construction process; energy and water efficiency of 
developments once in use; investment in the infrastructure of communities to improve safety 
and viability; the use of sustainable materials and embedded renewable energy; mitigation of 
impacts to the local community; and pollution prevention during the construction phase.
In recent years, there have been many steps towards better efficiency; greater resource 
productivity and waste minimisation; better social integration and consideration; environmental 
protection and employee safety in the construction industry, and the emphasis on the 
sustainability performance of the construction activity increases steadily through both 
government regulation and public pressure. However, the construction sector is part of the 
larger industrial, commercial and manufacturing business sectors, set within an global market 
system. Therefore, there are limits to how far it can go alone before requiring an equal level of 
adoption from a far wider audience.
When studying these results, it is important to avoid too much aggregation of individual 
performance metrics. The methodology adopted here has attempted to steer away from scoring 
the sector as a whole because to do this may dilute many of the important detailed messages. 
This is an analysis of a whole market sector, and contains assumptions and approximations 
enough without further aggregation of data. The details of the individual indicator data has been 
shown in as much detail as is practical in this paper, so that the method of assessment is clear. 
There is much data that was not found which could have had a significant bearing on the 
analysis, and the overall result.
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• Cross-sector
-  Renewables Obligation
-  Major PV Demonstration 
Programme
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Current Initiatives Forthcoming Measures
Cross-sector
-  Renewables Obligation
-  Major PV Demonstration 
Programme
-  Reduced VAT (5%)
-  Micro-CHP trials
-  Sustainable 
Communities Plan
• Sustainable & Secure 
Buildings Bill 2004
• Building Regulations 
2005
• EEC 2005-2011
Enorgy Efficiency
Forthcom ing Measures
Sustainable & Secure 
Buildings Bill 2004 
Building Regulations 
2005
EEC 2005-2011 
Energy Performance of 
Buildings Directive 2006
hutfcjy Efficiency:
T I*? (*x.vri«,»wn V Hrii 
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GREEN PAPER
Technology O ptions -  energy e ffic iency
■Insulation
■D oub le /trip le g la z ing
■Low energy ligh ting  & ap p lia nce s
•Insu la tion
■D oub le /trip le g la z ing  
•Low  en erg y ligh ting  & app lia nce s  
■Condensing bo ile rs  
•G round sou rce  heat pum ps 
•C H P & M ic ro -C H P  ^
Technology O ptions -  renewable energy
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Technology O ptions -  renewable energy Technology O ptions -  renewable energy
■P hotovoltaics
■M icro/m ast w ind
•P hotovo lta ics
•M icro /m a st w ind
•S o lar w a te r heating
Influences: Energy Prices
• Energy cost accounts for very small proportion of company 
costs
• Fuel & energy cost accounts for a decreasing proportion of 
household income
Influences: Technology M aturity
• Capital cost (current & anticipated future cost)
• Perceived technological risk & reliability
• Scarcity of installers & maintenance costs 
-e.g. PV v solar thermal
-  e.g. Condensing boilers v micro-CHP
Influences: Capital vs. Perform ance
Despite greater carbon 
saving, PVs are held 
back by capital cost
K 3 R
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Influences: Level o f S upport
• Condensing Boilers
-  Evolution of conventional boiler technology; easily 
replaced & maintained
-  Improves efficiency from 60-81% to 85-93%
-  Supported by EESoP/EEC schemes
-  2005 Building Regs
• CHP
-  Embedded gas-fired generation plus heat production
-  Auxiliary boiler often required
-  Supported by Community Energy scheme & CCL, but not 
Renewables Obligation or NETA
| K B R
Influences: C lim ate Change Levy
• Main government driver for the commercial 
sector to reduce carbon intensity
• Having little impact because of high price 
elasticity
• Energy Performance of Buildings Directive 
may provide a greater incentive
C onclusions
Fitness for Purpose
Compliance
Carbon IntensityAesthetics Longevity
Influences: Level o f S upport
C om bin ed H eat & P o w er (capacity)
C on densing  B o ile rs  (No.)
C onclusions
Existing low carbon solutions achieve required 
occupant comfort & health standards 
Energy designer must satisfy commercial & 
legislative requirements 
Then aesthetics, longevity & carbon intensity 
are considered
Minimising fossil fuel consumption is a low 
priority
I K S R
6
Conclusions
• Market mechanisms in place encourage 
carbon intensity in commercial and legislative 
decisions
• Some success but uptake is too slow
• Energy cost alone is not a catalyst to increase 
low carbon designs
• Perceived technological risk, and anticipated 
future capital cost, work against greater 
adoption
The Future
• Technologies that offer greatest carbon saving 
show the slowest uptake
• Forthcoming changes to the market landscape 
will have an impact
• Future energy designs will depend upon the 
prominence of carbon intensity in the 
decisions of energy designers
I K B R
Questions ?
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Asp ire
BREEAM and Allenby/Connaught
Jon Atkinson
E nvironm enta l C onsultant & R esearch E ngineer
AspireProject Allenby/Connaught
Redevelop six existing garrisons to 
im prove retention o f so ld iers and 
qua lity o f services, build ings & 
in frastructure
• 10-year construction  & 
re fu rb ishm ent contract
• 35-year fac ilities m anagem ent 
contract
• Tota l va lue approx. £4billion
Aspire Defence Ltd A s p ire
• Joint venture between KBR & M owlem
• M inor partners include sub-contracts  fo r architecture, 
eng ineering, landscape design, w aste  m anagem ent, utilities, 
geotech & contam inated land rem ediation, catering, logistics, 
m aintenance & cleaning e tc  etc...
KBR | Mowlem
1 Aspire Defence Ltd 1
| AD Construction Works | AD Services Ltd
1 i
| Design | | Construction | Management & 
Maintenance
A
Defence Estates Aspire
• Public secto r requirem ents
• Energy e ffic iency & renew able energy
• Susta inab ility  appraisal
• BREEAM & EcoHom es
• M OD requirem ents
• P erform ance standards
• P rocurem ent policies -  e.g. energy, water, tim ber
• C ontractua l requirem ents
The Project
• Buildings
• Residential flats & houses
• Messes & dining centres
• Sports buildings
• Offices & training buildings
• Garages & technical
• Stores & guardhouses
• New build, refurbishment, 
alterations, wind & weather, 
no change, demolition
Aspire
• O ther assets
• Car parks & hardstanding
• Ponds & landscaping
• Utilities & drainage
• Roads, cycle & footpaths
• M anagem ent & continued 
m aintenance of all facilities 
fo r 35 years
• 8-m an dorm itories
• C o m m unal ab lu tion  areas
• No privacy
• Cold & uncom fortab le
Current Accommodation
Aspire
1
Current Facilities
\CA0069,
Aspire
Before....
f i t
Aspire Junior Ranks Village Concept
$
Aspire
Incorporating sustainability into delivery Aspire
• Sustainability appraisal
• Demonstration of awareness of opportunities &
impacts
• Covers environmental, social & local economic
issues
• DE Handbook a leading guidance document 5JJ1
• Renewable energy
• Feasibility study covered all available RE options
• Design currently includes micro-CHP (560kWo), solar
thermal water heating (2600m2)
• Rainwater harvesting iy g g
• On every new residential block, plus some ‘^-i
community buildings (-106 systems) S 8 B
• BREEAM & EcoHomes
BREEAM & EcoHomes
Environmental assessment method for buildings
• D eve loped by BRE in 1992
• S tandard m ethods for dw e llings (EcoH om es), 
offices (BR EEA M  fo r O ffices), reta il, health, 
schools, industria l build ings
• Bespoke m ethods developed on request 
BRE's aim
• R ecogn ise best practice -  design & m anagem en t
• Illustra te econom ic benefits to stakeho lde rs  & 
clien ts
• Provide com prehensive m ethod o f m easuring 
pe rform ance
• C onside r all areas o f susta inability  -  econormS? 
socia l & env ironm ental
• f t
BREEAM Assessment Types Aspire
• Standard assessment types
• New build -  design & procurement assessment
• Existing/refurbish -  management & operation 
assessment
• Existing vacant -  building performance assessment
• Bespoke Allenby/Connaught assessments
• Combine design & procurement with management & 
operation to form single assessment applied to all 
buildings
• 106 assessment criteria per building
• EcoHomes -  simplified method using 26 criteria
■ i
Buildings assessed using Bespoke
A/C BREEAM & EcoHomes A s p i r e
• EcoHomes
• Residential flats, houses & lodges
• Accommodation annexes in Mess buildings
• 257 new build (mostly 1000m2 each); 86 refurbished
• Can be assessed in clusters of up to 6 buildings 
•BREEAM
• Offices, training buildings, dining centres, messes & 
pubs, sports buildings, community centres
• 42 new build (up to 5200m2 each); 3 5  refurbished
• All individual assessments
f t
Bespoke BREEAM Assessment Criteria Aspi re
• Energy
Carbon emissions, thermal envelope, 
air permeability 
Lighting efficiency & controls 
Heating, cooling & ventilation controls 
and efficiency
Renewables feasibility, green tariff 
electricity
Energy policy, sub-metering & 
monitoring
Bespoke BREEAM Assessment Criteria Aspire
• Water
• Efficient appliances -  e.g. air-entraining taps, 
low-flow showers, waterless urinals, low-flush 
cisterns
• Metering & monitoring, leak detection
• Irrigation, rainwater/greywater re-use systems
• Pollution
• Refrigerants; NOx emissions from boilers;
CFC-free insulation
• Surface water drainage (SUDS); oil 
interceptors
• Light pollution
Bespoke BREEAM Assessment Criteria Aspire
• Land Use & Ecology
• Brownfield land; remediation of contaminated sites
• Ecological enhancement & accredited consultation
• Protection during construction; landscape maintenance plans
• Transport
• Pedestrian & cycle routes; cyclist facilities (stores, showers & 
lockers)
• Delivery routes away from residential zones; car park provision
• Transport & travel plans (linked to local authority strategies)
Bespoke BREEAM Assessment Criteria Aspire
Materials
• Re-use of structure & fagade; demolition spoils 
as aggregates
• Embodied impacts of building elements -  
floors, external walls, roof, windows, hard 
landscaping, floor coverings
• Recycling of waste -  policy statement; 
segregated waste storage; onsite composting
• Built-in durability and finish protection
• Timber from sustainable sources
y
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Bespoke BREEAM Assessment Criteria Aspire
• Health & Wellbeing
• Legionella avoidance; ventilation rates
• Passive lighting, glare avoidance & a view out
• Natural ventilation with occupant control
• Lighting design with occupant control
• Thermal modelling & zoning with occupant control
• Background noise levels; reverberation in large spaces
• Cleaning of soft furnishings; plant maintenance
programme
Bespoke BREEAM Assessment Criteria Aspire
• Management
• Commissioning; post-construction review; CCS & 
construction impact management
• Procurement policy; environmental policy
• Stakeholder & community consultation; ‘simple users 
guide’; partnerships with local business and groups
• Protection of site heritage & archaeology
• Flexible ('loose fit') design
• Occupant feedback mechanism with improvement targets
Impact of BREEAM on Building Designs Aspire
• No air-conditioning
• Lighting designs use BREEAM compliance as 
design principles
• Photocells, PIR sensors, lux levels, occupant controls, 
external light pollution
• TRVs on all radiators
• Detailed drawings of air permeability minimisation in 
envelope design
• BMS, electricity sub-meters, gas & water meters
• Variable speed drives on fans & pumps
• Condensing low-NOx boilers
Impact of BREEAM on Building Designs Aspi re
• Heat recovery in ventilation systems
• Aerated taps, low-flow showers
• PIR sensors on urinal flushing, 41/ 2litre WC cisterns
• Floor finishes; insulant selection
• Bin store design
• Timber from FSC & PEFC certified sources
• Refrigerants of zero ODP -  R134a & R404a
• Sustainable urban drainage schemes (SUDS)
• (rainwater harvesting, solar thermal water heating & 
mCHP excluded from assessment by MOD)
&
Impact of BREEAM on Construction Works Aspire
• Commissioning policy setting out responsibilities
• Programme & budget, specification clauses, specialist 
agents, construction monitor, seasonal re-commissioning
• Considerate Constructors Scheme (CCS)
• Aim to achieve 'exemplary' rating
• Detailed drawings of ecological feature protection 
•W aste management, minimisation & recycling
• Energy meters & monitoring
• Pollution & emissions monitoring
$
Impact of BREEAM on Construction Works As p i r e
• Bricks & concrete crushed onsite for re-use in road, 
path & hardstanding sub-layers
• Post-construction review to contractually confirm 
compliance to BREEAM standard
• Audit trail for all timber to show certification
• Remediation of contaminated sites; maximising 
brownfield development
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Impact of BREEAM on Services & Aspire 
Management
• Consultation exercise with soldiers & officers
• Facilitated workshops; accommodation mock-up
• Occupant feedback procedure
• Sustainable procurement policy
• Environmental policy
• Energy & water management policy with 
commitment to monitor usage
Impact of BREEAM on Services & Aspire
Management
• Waste management strategy
• Target of 25% recycled in first year
• Onsite composting
• Landscape management strategy that minimises 
pesticide/fungicide use & promotes biodiversity
• Simple Users Guide to describe the building, 
services and surroundings to soldiers
Challenges Aspire
• Counter Terrorist Measures (CTM) precluded many 
building materials of low embodied impacts
• Getting policies signed at Director level
• BREEAM & EcoHomes is updated every year, and 
the Bespoke versions follow
• Generic designs may have to be modified to comply with 
future (unknown) BREEAM requirements
• Committing to ‘best practice’ in soft furnishing 
cleaning & plant maintenance when MOD only 
require ‘good practice’.
$
Challenges Aspire
• Design & Services working to different deadlines
• BREEAM is design-led, so this sets the assessment 
deadline
• Service delivery is an iterative process depending on 
existing condition and procedures, which may be unclear 
until Contract start
• BREEAM requirements have initiated responses from 
Services before they were ready to commit to them
• Evidence gathering by assessors
Achieved So Far Aspire
• Prototype residential flats |
comfortably achieved 
‘excellent' EcoHomes rating en'a' ^ , AJ d
• Building was occupied in Jan
2005 » nil,.
• Incorporates 30m2 solar K\< i> , .
thermal array for water heating U *-*M®wP*>fce Hu i- *.
• Some commissioning &
‘teething’ problems but soldiers
very happy
• SLA design a generic solution
across project
Perham Down Prototype SLA
Aspire
Achieved So Far A s p ire
Other buildings in detailed design stage awaiting 
Financial Close
• Currently 17 buildings under assessment
• Design compliance complete
• Management & Services compliance ongoing
• 'Front-running’ buildings currently scoring 60-64% (where 
70% required for ‘Excellent’ rating)
Lessons Learned A s p ire
• BREEAM & EcoHomes must be considered from the initial 
concept design
• Early consideration will avoid unforeseen costs, and may avoid 
any additional costs compared to BAU design
• Attention must be maintained throughout detailed design & 
construction phases
• Particularly important for facilities management contracts
• Post-construction review represents a potential risk of penalties 
for non-compliance -  e.g. air permeability
• Allow time in programme to explore options
• Consultation with industry groups -  WRAP, English Nature, 
BRE, Forest Research, EA, English Heritage
The Benefits
• Developing a design approach that achieves ‘best 
practice’ in environmental & sustainability 
performance
• A publicly-acknowledged performance certificate
• Future development opportunities using portfolio of 
BREEAM rated developments & case studies
• Demonstrable quality control that supports ISO 9000 & 
14000
• Innovative design & engineering approaches
• Interesting work -  staff retention
• Improving market for alternative designs
• Keeping KBR at the cutting edge of project delivery
&
More Benefits A s p ire
• For managed projects
• Operational savings for energy & water
• Greater opportunity to influence occupant behaviour
• 'Information Is power’ -  sub-metering enables targeted efficiency
• Future value of buildings increased 
Meeting the requirements of the Energy 
Performance of Buildings directive
• Energy certification of buildings
• Less work required at refurbishment to meet Regs
&
A s p ire
Thank you
• Jon Atkinson
• jon.atkinson@aspiredefence.co.uk
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M arket In fluences on Susta inable 
Energy Solutions in Building Design
■Jon Atkinson
■Elizabeth Mullings-Smith 
■Tim Jackson
[k b r
Research Proposal
What changes can be made to the energy 
market to encourage efficient & low carbon 
energy solutions in buildings?
■ Linking the m arket to design
■ Policy-m akers to build ing designers
UniS
01 S.m, KBR
The Problem
■ Build ings consum e 39% of UK’s total energy 
dem and
* 89%  of UK prim ary energy sourced from  fossil
fuels
■ C om bustion o f fossil fue ls the main source of 
greenhouses gases leading to c lim ate change
Need to reduce CO 2 em issions at least 60% 
below 1990 levels by 2050
The Solution
Energy effic iency
■ Condensing boilers
■ Insulation
■ Air infiltration & 
ventilation
• Lights & lighting 
management
■ Plant efficiency
■ Passive solar design
Low carbon 
generation
■ CHP & micro-CHP
■ Solar hot water
■. Ground source heat 
pumps 
• Photovoltaics
■ Micro & mast wind
■ Biofuels
Integrated design from concept to delivery
UniS
_Univ£'Stti r^fJ«jrr*2_ KBR
So....
■ W e know the problem
■ W e know the solution
■ How do we encourage the solution to solve 
the problem ?
■ Econom ics
■ the Energy M arket Landscape
The energy market landscape
Supply-s
'What changes can be made to the energy market to 
encourage efficient & low carbon energy solutions in 
buildings?’_______
■ ■ ■ ■ J p ^P P P P J IJ IP P IP P rn F T riT lI II III II III
■ Scenario analysis
■ Using alternative m arket landscapes
■ Applied to specific  building designs
■ Adopting different methods to achieve carbon 
reduction
■ Building Energy & Cost Model
■ Building life cost
■ total energy-related cost discounted over building life 
span
■ CO 2 em issions
Energy Design Options
■ Standard (baseline) design
• compliant to Bldg Regs; gas-fired boiler; grid electricity; normal 
lighting design & insulation
B Insulated & efficient design
• Envelope thermal performance to Bldg Regs -25%; SEDBUK ‘A’ 
condensing boiler; efficient heat distribution & lighting systems; 
passive design
■ Combined heat & power design
• As Standard but replace boiler for micro-CHP system
■ Solar design
• Thermal performance to Bldg Regs -10%; efficient heat & 
lighting systems; solar hot water; ground source heat pump for 
heating; PV array
■ Mixed renewables design
• As Solar but substitute micro-wind turbines for PV array
Un.voiljr ol Surr,,__________________________________________________________________ KBR
Building Designs
■ Residentia l Block
■ 1008 m2, 3 storeys
■ 36 bed-sits in 6 flats
Aspire
■ Modular construction
• Roof space plant room 
■ New build to 2002
Bldg Regs
• Existing to 1995 Bldg 
Regs
UniS
.. 1 . .....  - . . . - . KBR
Building Energy & Cost Model
Carbon model uses 
SAP 2005 
methodology
■ Adjustments necessary 
to apply to office
Cost model applies 
discounted cash flow 
analysis
■ Output is NPC over 60 
years
• Incorporates different 
costs of capital 
borrowing for investors 
& ESCOs
KBRUniSUni.er.Hi »l Swrf,
Market Scenarios
UniS
University of Surrey
Current market landscape - baseline
* Energy prices constant in real terms (BAU 1)
* 2% annual increase in energy prices (BAU 2)
* 8% gas & 5% electricity increase (BAU 3)
Carbon taxation (CTAX) using CCL & VAT 
Market mechanisms enhanced (MARKET) using 
ROCs, CCL, grants & ETS
Capital grants (CAPG) increased, plus VAT 
Energy services (ESERV) using ROCs, grants, net 
metering & energy prices for various levels of 
borrowing cost
Low carbon generation requirement from public client 
(PUBLIC) using grants & CCL to aid 10, 20 & 30% 
contribution
KBR
Building Designs
■ O ffice
■ 1800 m2; 2 storey
■ Mostly open plan
■ Steel frame & 
masonry, metal clad 
roof
■ New build to 2002 
Bldg Regs
■ Existing to 1995 Bldg
Regs AsP|re
U: S
Carbon Emissions
R es id e n tia l N ew  Bu ild
O ff ice  E xisting
■  All S ce narios  S  ELC 10 ‘
KBR
NPC -  residential new build
N P C  S a v in g
r =11% n = 10yrs
a n p c 6C
£1000
( BAU =0)
I BAU 1 ■ BAU2 - BAU3 ■ CTAX ■ MARKET ■  CAPG ■ ESERV11.10 ■  ESERV6, 15 ESERV3.5. 20
UniS KBR
NPC -  existing office
N P C  S a v in g
r=3 .5%  n= 2 0 y rs
AN  PC go 
£  1 0 0 0 's  0
(B A U  = 0 ) -200
-400 
-600 
-800 
-1000
. BAU 3 CTAX ■  MARKET ■  CAPG ■  ESERV11.10 ■  ESERV6, 15 - ESERV3.5, 20
UniS
-ite^ Lsi SufT*i KBR
NPC for constant energy prices
BA U  1, L o w  C a rb o n  S o lu tio n s , all bu ild in g  ty p e s
r = 8%, n = 15 years
: 0  £  O £  O
UniS
Umvgrmr, ot Swrtt
□  ANPC saved (£1000‘s: BAU=0) « C 0 2  saved (tC02pa; BAU=0) j
KBR
NPC for increasing energy prices
Dome
350 _ 300 ? 250
o “0 600 “ 150 ™ 
r  too J * =“ 50 400 0 300 
200
4^4* 100
B AU 3, L o w  C arb o n  S o lu tio n s , all
r = 8%; n = 15 years
i  i  i  § N' sf
________ _ _______ n__
build ing  typ es  |
j £ i  ^  ^  ^
“  -100 - ~ -200 
-300 -
UniS
y  u u u u y y
□ ANPC saved (£1000‘s. BAU=0) « C 0 2  saved (tC02pa, BAU=0) .
| K B R
Technolog ies to Reduce Carbon 
Em issions
■ C o n s ta n t e n e rg y  p r ic e s  (in  re a l te rm s )
■ CHP best investm ent
* Limits to generation contribution
= Discourages efficiency & thermal insulation
• Concerns about future supplies
■ Insulation & effic iency e ffective  fo r existing 
build ings
■ particularly for low rate, long term capital 
repayment
■ Little opportunity fo r renew able  genera tion  
w ith investm ent based on constan t energy
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Technolog ies to Reduce Carbon 
Em issions
■ Increasing energy prices
■ All low carbon techs encourag ing
■ Depends on capita l repaym ent conditions
■ Low rate, long term -  renewables
■ High rate, short term -  CHP & insulation/efficiency
■ & m arket landscape
■ Carbon taxation, capital grant & ESCOs (low rate, 
long term repayment)
M arket changes tha t encourage low 
carbon so lu tions
■ Contractual
* Investment conditions (interest rate & repayment period on 
capital borrowing)
* Use of ESCOs with favourable conditions -  long term FM 
contracts
* Carbon taxation
* Increased CCL on all consumers; VAT to zero on EE/ELC 
installations
■ Capital grants
■ 80% for PV; 60% for other ELC; 20% for efficient glazing
* VAT on domestic fuel & power to 17.5%
* Local authority/public client requirement for ELC 
generation
* 10% is feasible
UniS I
 u»y«*n «n-w________________________________ L
M arket changes that do NOT encourage 
low carbon solutions
■ Contractual
■ High rate, short term capital repayment
■ ESCOs with shorter contracts than main developer
■ Enhancing current m arket m echanism s
• Increasing value of ROCs plus moderate grant & CCL 
increase
■ Local authority ELC requ irem ent above 10%
■ 20%, & particularly 30%, contributions not cost- 
effective
Issues
Hard to pred ict/m odel in fluence o f energy 
perform ance certificates
■ EPBD requirement for public display of building’s 
energy performance
Assum ptions
■ accessibility to capital grants
■ compliance to Bldg Regs standards 
W hat is the ‘va lue ’ o f carbon savings?
■ Can social benefits be incorporated into the economic 
comparison?
R esponsib ility  o f energy im provem ents 
• ‘tenant/landlord’ issue
:iS KBR
C onclusions
■ There are m arket landscape conditions that 
encourage low carbon energy solutions in 
building designs
■ Key factors are:
■ Cost of borrowing for capital investment 
* Expectations of future energy prices
■ Long term development and management contracts
■ Use of ESCOs, & their contractual arrangements
■ Level of govt, support for low carbon installations
■ However, there are carbon reduction lim its 
beyond w hich it is uneconom ic to invest
Thank you
* Jon Atkinson
IMaaSi t e n
KBR
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Sustainable Development of the Year
(for larger mixed use developments/whole site)
Aspire Defence - Project Allenby/Connaught
Overview
Project Allenby/Connaught is the largest estates PFI contract ever awarded by 
the Ministry of Defence. The project will develop a living and working 
environment for 18,000 personnel who are critical to the Army’s operations on 
the garrisons at Aldershot and across Salisbury Plain. This single contract has a 
value of £8 billion, and is being delivered by Aspire Defence, a joint venture 
between Carillion and KBR. A 10-year construction programme will demolish 
400 buildings, construct 365 new buildings and carry out 140 refurbishments. 
The services contract maintains the estate over a 35-year concession period. 
The key requirement is to improve the quality of life of a third of the UK-based 
Army achieved through an approach based around sustainable design 
concepts.
This brief outlines the reasons why Aspire Defence Capital Works, the 
construction arm of Aspire, should win the award for Sustainable Development 
of the Year, given the scale and wealth of sustainability measures which have 
been implemented since the commencement of the contract in 2006.
Designing for Sustainability
A key component of our sustainable design philosophy is the ‘soldiers’ village’ concept -  
making the garrisons green and pleasant communities in which to live and work:-
• 440 buildings to achieve ‘Excellent’ (new) or ‘Very Good’ (refurbished) in bespoke 
BREEAM standards - the largest BREEAM certification project in the UK
• Car dependency reduced with new bus stops, a network of pedestrian and cycle routes, 
and changing facilities
• Low carbon energy technologies in buildings include solar thermal water heating and 
micro-CHP systems saving 1,400 tonnes of C02 emissions annually
• Water efficiency and sustainable urban drainage systems feature throughout, including 
rainwater harvesting on a unprecedented scale
Aspire
defence
Building Magazine Sustainability Awards 2007
Aspire
defence
• An energy and water management system uses 2,500 meters to monitor and target 
performance
• All timber is certified to the FSC or PEFC schemes.
Sustainable Construction
ISO14001 certification is used to track continual improvement of performance using tools like 
the Constructing Excellence Environmental KPI Zone.
• 200 sites registered on the Considerate Constructors Scheme achieving scores of 38/40
• Modular construction ensures efficiency and waste minimisation, and an onsite waste 
transfer station achieves 80% recycling
• 97% of demolition waste crushed and re-used on site
• Culturally-significant Edwardian buildings have been recorded using digital scanning 
technology enabling a ‘virtual fly-through’ of the site (largest in Europe)
• Nature conservation includes translocation of reptiles and one of the largest UK bat 
mitigation projects.
Stakeholder Engagem ent
Sustainability Week saw Aspire staff addressing sustainability challenges both on the project 
and at home with prizes including low energy lamps, water butts and composting systems.
Waste construction wood used to make bird boxes then sold to staff. 300 boxes sold with 
proceeds going to local conservation projects.
The Aspire Schools Sustainable Design Challenge invited local schools to present their 
designs for the Project. The energy and enthusiasm generated a great reward for all.
The W ay Forward
The Project continues to meet the challenge of sustainability. In 2006 Aspire became lead 
partner on the £0.5 million DTI-funded Charcoal Project to trial in-situ charcoal remediation 
techniques for contaminated land.
2
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Introduction
The 10-year construction programme involves a new build and refurbishment programme 
relating to both living and working accommodation. There are 200 construction sites spread 
across the Project footprint with 365 new buildings, 140 refurbishments and more than 400 
demolitions. Aspire Defence Capital Works (ADCW), the construction arm of the business, is 
a joint venture between Carillion and KBR, and this provides a unique opportunity to combine 
Carillion’s excellent reputation in delivering sustainability into construction with KBR’s track 
record of design excellence in fields such as BREEAM and CEEQUAL, and in project 
management.
ADCW has established an Environmental Management System, and the business has 
recently completed its stage one assessment for ISO 14001 certification with a view to being 
certified by the end of the year. A key cornerstone of the system is the regular reporting 
against a number of sustainability aspects which allow continual improvement to be tracked 
and performance against industry to be monitored through the Constructing Excellence 
Environmental KPI Zone.
Many of the achievements of the Project have been delivered through a shared vision with the 
Client through a framework for delivering sustainability founded on a sound commercial 
footing.
Environmental Performance of Building Designs
The Project uses a bespoke BREEAM standard to assess the design of offices and training 
buildings, messes and dining centres, community buildings and sports facilities. A bespoke 
EcoHomes standard appraises accommodation buildings. To demonstrate that best practice 
environmental and sustainability measures are adopted, new buildings are designed to 
achieve an ‘Excellent’ rating in the bespoke BREEAM and EcoHomes standards, while 
refurbished buildings a ‘Very Good’ rating. As a result, the scope is unprecedented in scale 
with 440 buildings requiring BREEAM certification making this the largest single such project 
in the UK.
Certification is substantiated with post-construction reviews completed before the building is 
formally accepted. In order to ensure the BREEAM standards adopted follow national 
standards, the bespoke requirements are updated periodically to reflect changes to the 
standard BREEAM approach.
n ' 7  ->>\
Asp ire
d e fe n c e
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A sp ire
BR E E A M  $
E n v i r o n m e n t a l  A s s e s s m e n t  A w a r d
Office Extension (PC0604),
Picton Barracks,
Bulford,
Wiltshire
E X C E L L E N T
Bespoke BR EEAM  
Aspire Defence Capital W orks 2IMI2
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Nature Conservation and the Enhancement of Biodiversity
Aldershot garrison is adjacent to the Basingstoke Canal SSSI and the B lackwater Valley 
lakes; Salisbury Plain contains a wealth of ecological value, SSSI sites and areas of natural 
beauty. Protecting these important natural assets is critical to the Project delivery.
Bats
Across the project all buildings to be demolished 
or refurbished are fully assessed for bats and 
nesting birds through a robust survey process with 
sign-off by a licensed bat surveyor. To date a 
number of species including Brown long-eared,
Common Pipistrelles and Serotine bats have been 
encountered on the sites to be redeveloped.
To compensate for the loss of roosts encountered, 
accommodation buildings are fitted with a range of 
bat mitigation measures designed to attract bats into 
the new build These buildings will incorporate over 
2,500 bat bricks, as well as specially-designed ‘bat 
cavity spaces’, squeeze boxes in lofts and partitioned 
loft spaces making Aspire one of the biggest 
residential bat mitigation projects in the UK.
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Reptiles
At one of the sites to be redeveloped, a large reptile (common lizards and slow worms) 
translocation programme began involving the erection of reptile proof fencing around the 
areas due to be affected. The translocation exercise was completed in October 2006 to 
ensure the species were unharmed by the proposed work. The translocation programme 
successfully moved around 1,000 reptiles from the site.
Calcareous Grassland Restoration
At the Perham Down site, there is an area of ecological value that is being developed by 
Aspire which has been classified as calcareous grassland and of high ecological value. As a 
result Aspire in March 2007 completed a collaborative project, where Aspire are supporting 
calcareous grassland conservation work ‘off-site ’ to compensate for the sem i-im proved 
grassland lost at Perham Down.
Low Carbon Energy Solutions
As part of the sustainable design solutions adopted within Project A llenby/Connaught, the 
designs for the new accommodation buildings incorporate best practice energy efficiency and 
microgeneration technologies to reduce the climate change impact from the development.
Energy metering and monitoring
An energy management strategy across the Project using 857 electricity, and 764 gas, 
existing and new meters to provide pulsed remote measurement to an automated monitoring 
system to pro-actively target buildings using a review of design, management, and occupant 
behaviour, to derive the optimum solution to reducing consumption.
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Lighting design
Using state-of-the-art lighting and control 
systems in all new and refurbished buildings 
to ensure low energy consumption by 
optim ising the efficiency of lamps and by 
discouraging occupant over-use. Photocells 
and infra-red sensors are employed in 
conjunction with pre-set dimming controls on 
compact fluorescent lamps.
Micro CHP
A total of 583 kWe of individual m icro-CHP 
systems are being installed in over 100 
new accommodation buildings. This is 
anticipated to save 1,081 tonnes of CO 2 
each year when compared to a normal gas- 
fired condensing boiler system. This 
represents the largest mCHP developm ent 
in the UK at present.
Solar Thermal Panels
The Project is installing individual 30-45 m2 solar thermal water heating system s in 86 new 
accommodation buildings and dining centres, providing a total array area of 2,730 m2. This is 
anticipated to save 344 tonnes of CO 2 each year by reducing the gas consumption of the 
normal gas-fired condensing boiler system. This represents the largest solar therm al water 
heating development in the UK at present.
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Water Efficiency and Management
Minimising demand for potable water is achieved by, firstly, installing efficient water 
appliances in all new and refurbished buildings; and secondly, by introducing an automated 
water metering and monitoring system using 824 meters across the Project.
Rainwater Harvesting
Each new accommodation building is 
served by a rainwater harvesting system for 
toilet flushing, thereby reducing the quantity 
of potable water used. The rainwater 
harvesting design for Project 
A llenby/Connaught incorporates a total of 
100 accommodation buildings with toilet 
flushing using rainwater harvested and 
stored in underground tanks giving a total 
capacity of 17,750 m 3 of rainwater. Given 
the number of the systems to be installed, 
the rainwater harvesting scheme is one of 
the largest such schemes ever undertaken 
in the UK.
Sustainable Urban Drainage Systems
SUDS have also been incorporated into the 
landscape & drainage design. A new detention 
pond at Aliwal barracks in Tidworth will also 
provide a relaxing amenity for the soldiers and 
a valuable ecological asset.
Other SUDS measures being implemented 
include a series of swales to convey, clean 
and absorb surface water; and permeable 
paving to allow rainwater to be directly 
absorbed to the aquifer, thus minim ising the 
need for drainage from hardstanding areas.
Construction Management and Waste Minimisation
The Project’s holistic consideration of sustainability issues also extends to the construction 
phase, where a num ber of measures have been integrated into construction process.
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Considerate Constructors Scheme (CCS)
A voluntary code of practice which aims to improve the image of construction and ensure that 
the public face of a construction site offers the least disturbance and impact to the local 
community. All the Aspire sites are registered on the CCS framework, and the sites are 
subject to independent inspections. Recent scores at A ldershot and Tidworth were 38/40 
representing exem plar performance.
Modular Construction
A solution to achieving efficient construction 
with generic designs has been the adoption 
of modular construction for the 
accommodation blocks. Insulated bedsit 
modules are delivered to site complete with 
ensuite shower room pods, carpets and 
fittings. They are bolted into place within a 
steel frame, followed by an external brick 
cladding on site. In terms of construction 
speed, quality control and waste 
m inim isation this solution is hard to beat, 
and also enables fine tuning of the design 
and construction methods over the 
construction period.
Existing buildings are re-used and refurbished where fit-for-purpose. However, where this is 
not possible, demolition brick and concrete waste is segregated, crushed and re-used as a 
high-grade aggregate in roads and hardstanding. As a result material recovery rates are 
achieving 95%, and this, alongside with the construction of an onsite waste transfer station for 
maximising the material recovery, is delivering best practice waste m inim isation.
Preserving Historic Identity
Tidworth contains a wealth of culturally-significant 
Edwardian buildings. Many of these distinctive 
three-storey red brick structures are being re-used 
and refurbished, and this includes the Jellalabad 
complex as a Listed architectural example.
However, many are no longer suitable and must be 
demolished. For a permanent record, W essex 
Archaeology undertook detailed historic building 
recording using digital scanning technology (image 
shown). This enables a ‘virtual fly-through’ to be 
recorded for posterity. The scale of the survey, 
which includes the interiors of a number of selected 
buildings, is one of the largest schemes of its type.
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Aspire ’s control measures to protect unknown archaeological finds during site preparation has 
uncovered a Bronze Age burial site. The four graves were 3,500 years old, making them the 
oldest finds from Tidworth, and were examined by W essex Archaeology before the site 
reopened two day later.
Stakeholder and Community Engagement
Aspire ’s annual Sustainability W eek includes a num ber of activities to raise awareness of 
environmental issues across the business and how to address the ‘g reen’ challenges on the 
Project and at home. Daily flyers were produced on a range of environmental topics with 
suggestions about how we can change our habits. Staff had the opportunity to win green 
prizes from low energy lamps, water butts and composting systems.
The week included nature walks and talks on 
Basingstoke Canal and Salisbury Plain to 
highlight to staff the w ildlife and their habitats 
which can be found close to Aspire sites. 
The walks were hosted by Rangers from 
Basingstoke Canal Authority and the 
Environmental Support Team from Defence 
Estates, with over 70 staff attending.
During the week we launched ‘Project 
Redstart’, a unique schem e where 
segregated waste wood is turned into bird 
boxes at W arm inster and sold to staff, with 
proceeds going to local conservation 
projects in Salisbury Plain and Aldershot. We 
have to date sold over 300.
Aspire also held the S cho o ls  S us ta inab le  D esign C ha llenge , where 50 children from local 
schools presented to a panel of directors their proposals for a sustainable design of the 
Perham Down site. A great success, with some fantastic designs by the pupils, and we hope 
to make this an annual event across all our communities.
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Moving Forward
The impact of such a large construction programme has been very carefully considered, and 
the delivery of a sustainable estate is paramount. Both the MOD Project Team and Aspire 
are continually looking at new and innovative ways of meeting this objective. An example of 
this is Aspire ’s role as industrial partner on the £0.5M DTI-funded Charcoal Project, to trial in- 
situ charcoal remediation techniques for cleaning up contaminated land on Project sites.
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